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INTRODUCTION 

The I n s t i t u t e  f o r  Computer Applicat ions i n  Sc ience  and Engineer ing 

(ICASE) is operated a t  t h e  Langley Research Center (LaRC) of NASA by t h e  

U n i v e r s i t i e s  Space Research Associat ion (USRA) under  a c o n t r a c t  w i th  t h e  

I Center.  USRA is a nonprof i t  consortium of major U. S .  c o l l e g e s  and 

u n i v e r s i t i e s .  

The I n s t i t u t e  conducts u n c l a s s i f i e d  b a s i c  r e sea rch  i n  app l i ed  

mathematics, numerical  a n a l y s i s ,  and computer s c i ence  i n  o r d e r  t o  extend and 

improve problem-solving c a p a b i l i t i e s  i n  sc i ence  and engineer ing ,  p a r t i c u l a r l y  

i n  ae ronau t i c s  and space.  

TCASE has a small permanent s t a f f .  Research is  conducted p r i m a r i l y  by 

v i s i t i n g  s c i e n t i s t s  from u n i v e r s i t i e s  and from indus t ry ,  who have r e s i d e n t  

appointments f o r  l i m i t e d  per iods  of time, and by consu l t an t s .  Members of 

NASA's r e sea rch  s t a f f  a l s o  may be r e s iden t s  a t  ICASE f o r  l i m i t e d  per iods .  

I 

The major c a t e g o r i e s  of t h e  cu r ren t  ICASE resea rch  program are: 

a. Numerical methods, with p a r t i c u l a r  emphasis on t h e  development and 

b. Cont ro l  and parameter i d e n t i f i c a t i o n  problems, wi th  emphasis on 

C. Computational problems i n  engineer ing and t h e  phys ica l  s c i ences ,  

d. Computer sys t ems  and software,  e s p e c i a l l y  v e c t o r  and paral le l  

a n a l y s i s  of b a s i c  numerical  a lgori thms;  

e f f e c t i v e  numerical  methods; 

p a r t i c u l a r l y  f l u i d  dynamics, acous t i c s ,  and s t r u c t u r a l  a n a l y s i s ;  

computers. 

ICASE r e p o r t s  are considered t o  be p r imar i ly  p r e p r i n t s  of manuscr ipts  

t h a t  have been submit ted t o  appropr ia te  r e sea rch  j o u r n a l s  o r  t h a t  are t o  

appea r  i n  conference proceedings.  A list of these  r e p o r t s  f o r  t h e  per iod 

October 1, 1986, through March 31, 1987, is  given i n  the Reports and Abs t r ac t s  

s e c t i o n  which fo l lows  a b r i e f  desc r ip t ion  of t h e  r e sea rch  i n  progress .  

P r e s e n t l y ,  ICASE i s  operated a t  NASA Langley Research Center ,  Hampton, 
VA, under t h e  Nat iona l  Aeronautics and Space Adminis t ra t ion ,  NASA Cont rac t  No. 
NAS1-18107. I n  t h e  p a s t ,  support  has been provided by NASA Con t rac t s  No. 
NAS1-17070, NAS1-17130, NASl-15810, NAS1-16394, NAS1-14101, and NAS1-14472. 
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RESEARCH I N  PROGRESS 

Saul Abarbanel 

Research followed three separate but not unrelated directions. I n  the 

research on deriving nonreflecting boundary conditions for the compressible 

Navier-Stokes equations (with A. Bayliss and L. Lustman), attention shifted to 
the wake problem, e.g., the flow past an airfoil whence the outflow numerical 

boundaries contain of necessity the wake. Decay rate and group velocity for 

the long waves were estimated €or the low Mach number limit. Work is being 
continued to find numerical eigenvalues for the corresponding general case. 

At the same time, R. C .  Swanson, Jr. (Transonic Aerodynamics Division, LaRC) 

is incorporating the new boundary conditions in an existing code to see if the 

expected benefits .are realized. 
I n  low Mach number flows, both the Euler and Navier-Stokes compressible 

code face a stiffness problem. Stability limits on the time steps (for ex- 

plicit codes) are dominated by the speed of sound rather than the material 

problems. Work with D. Gottlieb and P. Dutt has resulted in a splitting algo- 
rithm which removes the stiffness and maintains the well-posedness of the 
problem. This is done via a transformation of the solution vector which 

allows symmetric splitting (i.e., all split matrices are simultaneously sym- 

metrizable). Parts of the new algorithm may also be run in parallel thus 
enhancing its efficiency. 

A method for predicting the enhanced convergence to steady state due t o  

local time stepping has been developed for the time dependent two-dimensional 

convection-diffusion equation. Numerical tests to check the predictions are 

being designed. The method, based on examining the decay-rate of long waves, 

is in principle extendable to systems. 

E. To Banks and KO I t o  

We are currently developing a theoretical framework for treatment of the 

LQG problem for distributed parameter systems involving unbounded input and 
observations in the state space. The approach employs sesquilinear forms and 



2 

a l lows  one t o  develop approximation schemes f o r  boundary feedback c o n t r o l  i n  a 
number of important examples (e.g., t h e  hea t  equat ion  and t h e  Euler-Bernoul l i  

beam). I n  r e l a t e d  but  d i s t i n c t  i n v e s t i g a t i o n s ,  w e  have developed a gene ra l  

framework f o r  convergence and s t a b i l i t y  (cont inuous dependence of t h e  esti-  

mates on t h e  observa t ions)  i n  system i d e n t i f i c a t i o n  problems us ing  t h e  theory 

of s e s q u i l i n e a r  forms wi th  t h e  reso lvent  convergence form of t h e  Trot ter-Kato 

theorem. This  theory o f f e r s  t h e  advantages (i.e., very weak compactness on 

t h e  admissible  parameter spaces) of a weak v a r i a t i o n a l  formula t ion  and t h e  ad- 

'vantages of t h e  ope ra to r  convergence form of t h e  Trot ter-Kat0 theorem ( i . e . ,  

no smoothness assumptions on s y s t e m  s o l u t i o n s )  without t h e  d isadvantages  of 

e i t h e r  of t hese  l a t t e r  two approaches. The new t h e o r e t i c a l  framework can be 

used t o  treat a number of important  examples (modeling va r ious  types  of damp- 

i n g  i n  beams, e s t ima t ion  of c o e f f i c i e n t s  i n  Fokker-Planch and o t h e r  p a r a b o l i c  

systems inc lud ing  h ighe r  dimensional domain i d e n t i f i c a t i o n  problems a r i s i n g  i n  

thermal  eva lua t ion  of m a t e r i a l s ) .  

E, T. Banks and F. Kojima 
We are  cont inuing  our  e f f o r t s  on s t a t e  e s t i m a t i o n  f o r  v i b r a t i o n s  of con- 

tinuum s t r u c t u r e s  (e.g., Euler-Bernoul l i  beams wi th  t i p  bodies)  s u b j e c t  t o  

s t o c h a s t i c  d i s turbances .  I n f i n i t e  dimensional  f i l t e r  equat ions  f o r  t h e  sys- 

tems have been der ived ,  and w e  are c u r r e n t l y  i n v e s t i g a t i n g  computat ional  

schemes t o  s o l v e  f o r  t h e  f i l t e r s .  

We are a l s o  cont inuing  our  i n v e s t i g a t i o n s  of i n v e r s e  problems a r i s i n g  i n  

thermal  tomography. A p a r t i c u l a r  model under  s tudy  involves  a 2-D h e a t  d i f -  

f u s i o n  system wi th  unknown boundary ( t h e  domain i d e n t i f i c a t i o n  problem) t o  be 

est imated from observa t ions  on p a r t  of t h e  boundary. Both t h e o r e t i c a l  (con- 

vergence and s t a b i l i t y  of methods) and computat ional  r e s u l t s  have been 

obtained. 
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H. T. B a n k s  and G. Propst 

Together w i th  R. S i l c o x  (Acoustics Divis ion,  LaRC) we cont inue s tudy ing  

s ta te  space formulat ions of a c t i v e  no i se  suppression problems as opt imal  con- 

t r o l  problems governed by t h e  wave equation. For s e v e r a l  choices  of t h e  s t a t e  

space,  t h e  p r o p e r t i e s  of t h e  corresponding semigroups and t h e i r  g e n e r a t o r s  

have been i n v e s t i g a t e d .  Boundary condi t ions on real  o r  complex valued waves 

t h a t  model semiref l e c t i o n  and phase shif t  are being i d e n t i f i e d  by least  

squa res  parameter e s t i m a t i o n  procedures. The r e s u l t i n g  model f o r  duct  acous- 

t ics  w i l l  then be augmented by uncon t ro l l ab le  and c o n t r o l l a b l e  sound sources  

and t h e  opt imal  feedback l a w  evaluated by means of f i n i t e  dimensional approxi- 

mations. 

8. T. Banks  and I. G. Rosen 

We have s t a r t e d  t o  look a t  a l t e r n a t i v e  models f o r  h e a t  conduction and t h e  

development of i d e n t i f i c a t i o n  schemes f o r  r e s u l t i n g  i n v e r s e  problems i n  con- 

j u n c t i o n  with our involvement with t h e  NASA nondes t ruc t ive  e v a l u a t i o n  (NDE) 

group. S p e c i f i c a l l y ,  w e  are cons ide r ing  non l inea r  h e a t  conduction models, 

n o n l i n e a r  d i s t r i b u t e d  models f o r  d i f f u s i o n  i n  f i s s u r e d  media, and h e r e d i t a r y  

o r  f ad ing  memory models i nvo lv ing  d i s t r i b u t e d ,  i n t e g r a l  h i s t o r y  k e r n a l s .  Our 

primary motivat ion i n  cons ide r ing  t h e s e  a l t e r n a t i v e s  t o  t h e  convent ional  

l i n e a r  Four i e r  theory f o r  h e a t  conduction i s  t o  cap tu re  e f f e c t s  such as f i n i t e  

p ropaga t ion  speed and t h e  perseverance of l o c a l  s i n g u l a r i t i e s  i n  material 

p r o p e r t i e s .  A t  p r e s e n t ,  ou r  r e sea rch  is p r i m a r i l y  focused on modeling and 

t h e o r e t i c a l  i s s u e s  such as w e l l  posedness and q u a l i t a t i v e  behavior of solu- 

t i o n s .  Fu tu re  i n v e s t i g a t i o n s  involve approximation ques t ions ,  parameter esti- 

mation, and numerical  s t u d i e s .  

I n  a d d i t i o n  t o  t h e  work o u t l i n e d  above, w e  are a l s o  c u r r e n t l y  pursuing t h e  

ex tens ion  of our i d e n t i f i c a t i o n  procedures f o r  one dimensional s t r u c t u r e s  

( i . e . ,  f l e x i b l e  beams) t o  t h e  e s t i m a t i o n  of elastic and v i s c o e l a s t i c  damping 

parameters i n  two dimensional s t r u c t u r e s  such as p l a t e s .  We have a l s o  s t a r t e d  

t o  cons ide r  t h e  modeling and i d e n t i f i c a t i o n  of thermo-elast ic  e f f e c t s  i n  f l ex -  

i b l e  s t r u c t u r e  dynamics. 
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Alvin Bayliss 

Work continued in collaboration with L. Maestrello (Transonic Aerodynamics 
Division, LaRC), P. Parikh, and R. Krishnan (Vigyan Research Associates) and 

E. Turkel on the computation of three-dimensional spatially growing disturb- 

ances in a boundary layer. The computer code has been adapted from the VPS-32 
to the Cray 2, and computations have been obtained for a highly unstable 

Reynolds number. An ICASE report is being prepared on these results. 
The study of acoustic waves generated by unstable wave packets in a bound- 

ary layer over a curved surface with (L. Maestrello and P. Parikh) was extend- 
ed by including convective terms in the analysis of the far field acoustic 
pattern and by the inclusion of symmetry boundary conditions to simulate a 

contraction section. An ICASE report is being prepared. 

A new study was originated with D. Gottlieb, B .  J. Matkowsky (Northwestern 
University), and M. Minkoff (Argonne National Laboratory) to develop appropri- 

ate functionals which measure the error in the pseudo-spectral approximation 

for certain classes. 

Dennis W. Brewer 

Research is continuing on parameter estimation problems associated with 
linear evolution equations in infinite-dimensional spaces. A general algo- 

rithm based on quasi-linearization has been established along with its local 

convergence properties. The algorithm has been numerically tested on linear 

delay-differential equations. Numerical experiments indicate that the method 
converges rapidly when used to identify two unknown delays together with two 

or three unknown coefficients using simulated data. Future research will in- 
volve continuing numerical experimentation and improvements in the theory to 
accommodate a wider class of problems. 
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Dennis W. Brewer and J, Steven Gibson 

We are con t inu ing  our  e f f o r t s  t o  develop robus t  sof tware  r o u t i n e s  f o r  

i d e n t i f y i n g  parameters  i n  r o b o t i c  manipulators. The programs use numerical  

i n t e g r a t i o n  of non l inea r  d i f f e r e n t i a l  equat ion models and non l inea r  optimiza- 

t i o n  algori thms.  This  work is i n  conjunction wi th  J. Pennington, F. Harr i son ,  

and D. Soloway ( Informat ion  Systems Division, LaRC) who have provided exper i -  

mental data .  Our prev ious  research  ind ica t e s  a need t o  model t h e  i n t e g r a t e d  

electro-mechanical  system t o  reduce parameter s e n s i t i v i t y .  We have obta ined  

d a t a  and have t e s t e d  models which inc lude  coupled phys ica l  and a c t u a t o r  dynam- 

ics. Good f i t s  t o  experimental  d a t a  have been obta ined  us ing  t h e s e  methods. 

Electr ical  parameters  obtained i n  t h i s  way from on-line d a t a  agree  w e l l  w i th  

t h e  same parameters  measured of f - l ine .  Future r e sea rch  w i l l  involve  t h e  simu- 

l a t i o n  of mul t ip l e - l i nk  motions. 

John Burns  

The development of f i n i t e  dimensional approximate models f o r  c o n t r o l  of 

i n f i n i t e  dimensional ( d i s t r i b u t e d  parameter) systems t h a t  govern var ious  aero- 

space c o n t r o l  sys t ems  has  been t h e  main focus of t h e  p re sen t  research.  Most 

methods f o r  c o n s t r u c t i n g  approximate models of systems of p a r t i a l  d i f f e r e n t i a l  

equa t ions  are based on some type of f i n i t e  d i f f e r e n c e ,  f i n i t e  element o r  

Galerk in  scheme. I f  such approximate models are t o  be used i n  c o n t r o l  des ign  

and a n a l y s i s ,  t hen  i t  become e s s e n t i a l  t o  i n v e s t i g a t e  t h e s e  approaches t o  see 

i f  they p rese rve  b a s i c  system p r o p e r t i e s  important i n  c o n t r o l  design. We have 

d iscovered  t h a t  schemes t h a t  are exce l len t  f o r  s imua l t ion  may not preserve  

such p r o p e r t i e s  as s t a b a l i z a b i l i t y  and c o n t r o l l a b i l i t y .  Moreover, some 

schemes can in t roduce  extraneous eigenvalues t h a t  unnecessa r i ly  complicates  

t h e  c o n t r o l  des ign  algori thm. Work is underway t o  understand t h e  b a s i c  condi- 

t i o n s  t h a t  should be b u i l t  i n t o  a computational a lgor i thm t h a t  w i l l  guarantee  

p e r t i n e n t  c o n t r o l  p r o p e r t i e s  are preserved under approximation. Moreover, 

t h i s  problem is r e l a t e d  t o  t h e  ques t ion  of robus tness  i n  t h a t  d i g i t a l  simula- 

t i o n  of a c o n t r o l  system requ i r e s  t h a t  the model used i n  t h e  des ign  be a t  

least as robus t  as t h e  computer accuracy. Thus, p a r t  of t h e  e f f o r t  on t h i s  

I 
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p r o j e c t  is devoted t o  t h e  problem of developing numerical  schemes t h a t  l ead  t o  

f i n i t e  dimensional approximations t h a t  are as robus t  as p o s s i b l e  (e.g., t h e  

models should be as f a r  away as p o s s i b l e  from uncon t ro l l ab le  systems).  

, I 

I 

Tom Crockett 

Several  p a r a l l e l  a lgor i thms proposed f o r  t h e  Flex/32 computer have demon- 

s t r a t e d  a need t o  lock i n d i v i d u a l  elements of d a t a  a r rays .  Unfor tuna te ly ,  

e x i s t i n g  sof tware  f o r  t h e  F l e x  only supported lock ing  of e n t i r e  a r r a y s ,  there-  

by prevent ing c r t t i c a l  s e c t i o n  opera t ions  on d i s t i n c t  elements from proceeding 

i n  pa ra l l e l .  To overcome t h i s  l i m i t a t i o n ,  a package of sub rou t ines  was 

developed which provides  an e f f i c i e n t  locking  mechanism f o r  i n d i v i d u a l  array 

elements.  Performance measurements were obtained f o r  these r o u t i n e s ,  as w e l l  

as f o r  a companion package of lock r o u t i n e s  w r i t t e n  by H. Jordan as p a r t  of 

t h e  Force system. A by-product of t h e s e  measurements w a s  t he  d iscovery  of an 

e r r o r  i n  t h e  NS32032 microprocessor  which r e s u l t s  in t h e  suppress ion  of timer 

i n t e r r u p t s  dur ing  c e r t a i n  long s t r i n g  i n s t r u c t i o n s .  

Procedures were developed f o r  access ing  t h e  Flex remotely from ICASE’s Sun 

works ta t ions ,  us ing  Langley’s high speed network connect ions and t h e  Sun’s 

windowing software.  

1/0 systems have f r e q u e n t l y  rece ived  inadequate  a t t e n t i o n  in t h e  des ign  of 

p a r a l l e l  computer systems, r e s u l t i n g  i n  bo t t l enecks  and poor s y s t e m  u t i l i z a -  

t i on .  I n  an  e f f o r t  t o  improve t h i s  s i t u a t i o n ,  some i n i t i a l  work began on f i l e  

concepts  and access  models f o r  p a r a l l e l  1/0 systems. Seve ra l  types of paral- 

l e l  f i l e s  were def ined ,  based on t h e i r  intended usages,  and some p o t e n t i a l l y  

u s e f u l  f i l e  p a r t i t i o n i n g s  were i d e n t i f i e d .  It is hoped t h a t  t h e  Flex computer 

can  be used as a t e s t b e d  f o r  eva lua t ing  and r e f i n i n g  t h e s e  ideas .  

Pravir Dutt and Nessan Mac Giolla Mhuiris 

Much has been learned  in recent  years about t h e  manner in which non l inea r  

bu t  de t e rmin i s t i c ,  f i n i t e  dimensional  dynamical systems can become chaot ic .  A 
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g r e a t  d e a l  has  been w r i t t e n  about t h e  importance of t h i s  work t o  f l u i d  dynam- 

ics  though progress  h e r e  has  proved d i f f i c u l t .  We are c u r r e n t l y  a t t empt ing  t o  

apply one t o o l  from t h e  f i n i t e  dimensional a r s e n a l ,  t h e  powerful Melnikov 

method, t o  a class of i n v i s c i d ,  incompressible f l u i d  flows known as t h e  Kelvin 

S t u a r t  ca t seye  flows. The s t r eaml ines  of these flows form h e t e r o c l i n i c  o r b i t s  

which r epea t  p e r i o d i c a l l y  in one s p a t i a l  d i r e c t i o n .  Adding a marginal ly  un- 

s t a b l e  mode t o  t h i s  system is equ iva len t  to f o r c i n g  t h e  p a r t i c l e  pa ths  wi th  a 

t i m e  p e r i o d i c  funct ion.  Th i s  is  t h e  classic s c e n a r i o  f o r  a n  a p p l i c a t i o n  of 

t h e  Melnikov a n a l y s i s .  With t h i s  ana lys i s ,  one can determine t h e  manner i n  

which t h e  h e t e r o c l i n i c  o r b i t s  g e t  broken and t h i s  in t u r n  can t e l l  u s  whether 

t h e  system becomes chao t i c .  Such Lagrangian chaos has been observed expe r i -  

men ta l ly ,  and w e  hope t o  p r e d i c t  i t  with our work. P r e s e n t l y ,  w e  are d e v i s i n g  

a computer code t o  o b t a i n  t h e  necessary marginally u n s t a b l e  mode. 

Robert E. Fennel1 
Current  r e sea rch  invo lves  t h e  development of ca t r o l  de i g n  methods f r 

m u l t i v a r i a b l e  h e r e d i t a r y  systems and is motivated by c o n t r o l  des ign  problems 

f o r  f l e x i b l e  a i r c r a f t .  A t t en t ion  focuses upon robust  c o n t r o l  system des ign  

methods. Computational experience suggests t h a t  i npu t /ou tpu t  models d e t e r -  

mined by observing t h e  response of a l i n e a r ,  t i m e  i n v a r i a n t  h e r e d i t a r y  system 

t o  s p e c i f i e d  i n p u t s  are i n s e n s i t i v e  t o  measurement e r r o r s .  Consequently, con- 

t r o l  l a w s  based upon such p l a n t  r ep resen ta t ion  should be i n s e n s i t i v e  t o  uncer- 

t a i n  parameters.  These i d e a s  are being pursued i n  t h e  a n a l y s i s  of feedback 

s t a b i l i z a t i o n  problems f o r  h e r e d i t a r y  systems. Related work with B i l l  Adams 

(Guidance and Control  D iv i s ion ,  LaRC) involves t h e  design of robust  c o n t r o l  

laws f o r  f l u t t e r  suppres s ion  and gus t  load a l l e v i a t i o n  of an a e r o e l a s t i c  

veh ic l e .  In a d d i t i o n ,  e f f o r t  i s  being d i r ec t ed  a t  t h e  development of d i s t r i b -  

u t e d  c o n t r o l  s t r a t e g i e s  f o r  l a r g e  scale systems. 
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James Geer 
Research is  underway involv ing  t h e  development and s tudy of a hybrid 

per turba t ion /Galerk in  method t o  determine how t h e  method might be app l i ed  t o  

some f l u i d  dynamic and s c a t t e r i n g  problems. Seve ra l  model problems involv ing  

s i n g u l a r  p e r t u r b a t i o n  expansions are being s t u d i e d  t o  h e l p  t o  b e t t e r  under- 

s t a n d  the method and t o  determine what type  of problems t o  which t h e  method 

might be appl ied .  A t  p r e sen t ,  t hese  model problems inc lude  some l i n e a r  and 

nonl inear  two po in t  boundary va lue  problems wi th  boundary l a y e r s  (e.g., l a m i -  

na r  f low i n  a channel wi th  porous w a l l s )  and some s imple e x t e r i o r  f l u i d  f low 

and s c a t t e r i n g  problems involv ing  very slowly converging p e r t u r b a t i o n  series 

(e.g., acous t i ca l  s c a t t e r i n g  by a s l e n d e r  body). Work on t h e  method i t s e l f  i s  

be ing  done w i t h  D r .  Carl Andersen (Col lege  of W i l l i a m  and Mary), whi le  

p o s s i b l e  a p p l i c a t i o n s  are being d iscussed  wi th  D r .  Eddie Liu (Low-Speed 

Aerodynamics Div is ion ,  LaRC). 

I 

Another s tudy involves  t h e  use of t h e  symbolic computation system MACSYMA 

and pe r tu rba t ion  methods t o  i n v e s t i g a t e  some f r e e  and forced  non l inea r  o s c i l -  

l a t i o n s .  The method of mul t ip l e  t i m e  scales has been implemented us ing  

MACSYMA and appl ied  t o  t h e  problem of determining t h e  t r a n s i e n t  responses of 

t h e  van der Pol  and Duff ing o s c i l l a t o r s  when t h e  app l i ed  f o r c e  c o n s i s t s  of a 

sum of per iodic  terms wi th  d i f f e r e n t  f requencies .  The condi t ions  under which 

t h e  system w i l l  exper ience  frequency entrainment  are being inves t iga t ed .  In 
a d d i t i o n ,  some very gene ra l  s t a b i l i t y  r e s u l t s  have been obtained f o r  t h e  f r e e  

o s c i l l a t i o n s  of a g e n e r a l  non l inea r  o s c i l l a t o r  when t h e  (small) n o n l i n e a r i t y  

is  a polynomial f u n c t i o n  of the displacement and ve loc i ty .  This  work is being 

done wi th  D r .  Carl Andersen (College of W i l l i a m  and Mary). 

Other research  involves  s tudying  t h e  p o s s i b i l i t y  of u s ing  some of t h e  

i d e a s  of uniform s l e n d e r  body theory f o r  t h e  problem of subsonic  flow p a s t  a 

f u l l y  three-dimensional wing wi th  sharp  t r a i l i n g  edges and wing t i p s .  A pre- 

l imina ry  study i s  underway which w i l l  a t tempt  t o  inc lude  t r a i l i n g  (wing-tip) 

v o r t i c i t y  e f f e c t s  on a three-dimensional t h i n  wihg wi th  a r b i t r a r y  planform. 

T h i s  work is being done w i t h  D r .  Eddie Liu  (Low-Speed Aerodynamics Div is ion ,  

LaRC) and Prof. Lu Ting (New York Univers i ty) .  

Inves t iga t ions  are underway concerning some fundamental  p r o p e r t i e s  (both 

from t h e o r e t i c a l  and computational p o i n t s  of view) of a class of l lalmostll  
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I 

s i n g u l a r  i n t e g r a l  equa t ions  of t he  f i r s t  kind which are u s e f u l  in r e p r e s e n t i n g  

t h e  s o l u t i o n  t o  c e r t a i n  e l l i p t i c  e x t e r i o r  boundary va lue  problems. These 

equat ions t y p i c a l l y  have t h e  property that t h e  domain of i n t e g r a t i o n  R i s  a 

proper  subse t  of t h e  domain of v a l i d i t y  D of t h e  equation. S p e c i a l  con- 

s i d e r a t i o n  i s  being given t o  t h e  idea  of a n a l y t i c a l l y  con t inu ing  t h e  s o l u t i o n  

i n t o  t h e  domain D. In f a c t ,  t h i s  has now been done f o r  a l a r g e  class of one 

dimensional i n t e g r a l s ,  such as those which occur i n  t h e  r e p r e s e n t a t i o n  of 

s o l u t i o n s  invo lv ing  a body of revolution. For t h i s  s p e c i a l  class, a 

c h a r a c t e r i z a t i o n  of R in terms of c e r t a i n  p r o p e r t i e s  of t h e  a n a l y t i c  con- 

t i n u a t i o n  of t h e  k e r n e l  has  been obtained. Th i s  c h a r a c t e r i z a t i o n  l eads  t o  a 

simple numerical procedure t o  determine R and he lps  t o  circumvent some of 

t h e  s t a b i l i t y  problems i n h e r e n t  i n  solving i n t e g r a l  equa t ions  of t h e  f i r s t  

kind. Applicat ions of t h e  r e s u l t s  w i l l  be u s e f u l  in s e v e r a l  two- and three-  

dimensional problems invo lv ing  s l e n d e r  or t h i n  bodies. The symbolic manipula- 

t i o n  system MACSYMA has been used in some of t h e  p re l imina ry  i n v e s t i g a t i o n s .  

I 
I 

J. S. Gibson and I. G. Rosen 

Our e f f o r t s  have been concentrated on t h e  development and s tudy  of f i n i t e  

dimensional approximation schemes f o r  t h e  s o l u t i o n  of t h e  optimal L inea r  

Quadra t i c  Gaussian (LQG) c o n t r o l  and e s t ima to r  problems f o r  d i s t r i b u t e d  

parameter and delay d i f f e r e n t i a l  systems wi th  unbounded inpu t  and output.  

More s p e c i f i c a l l y ,  w e  have been looking a t  systems invo lv ing  boundary c o n t r o l ,  

i npu t  and output  de l ays ,  and unbounded measurement. Funct ional  a n a l y t i c ,  o r  

more p r e c i s e l y ,  semigroup t h e o r e t i c  convergence arguments f o r  s p l i n e  and modal 

based f i n i t e  element approximations t o  optimal c o n t r o l  and e s t i m a t o r  g a i n s  

have been e s t a b l i s h e d .  Extensive numerical s t u d i e s  f o r  h e a t / d i f f u s i o n  systems 

wi th  both D i r i c h l e t  and Neumann boundary c o n t r o l  and pointwise s t a t e  observa- 

t i o n  have been c a r r i e d  out .  F l e x i b l e  s t r u c t u r e  examples invo lv ing  c a n t i -  

l eve red  beams with a s h e a r  o r  bending moment i n p u t  a t  t h e  f r e e  end and point-  

w i s e  o b s e r v a t i o n  of s t r a i n  o r  a c c e l e r a t i o n  are c u r r e n t l y  under study. 
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David Gott l ieb 

We continue t o  develop t h e  theory  f o r  s p e c t r a l  approximation t o  problems 

wi th  discontinuous s o l u t i o n .  We have extended t h e  Mock-Lax theory t o  co l loca-  

t i o n  methods and proved weak convergence f o r  pseudospec t ra l  methods. This  

r e s u l t  enables us t o  e x t r a c t  s p e c t r a l l y  a c c u r a t e  pointwise va lues  from numeri- 

c a l  approximations t h a t  u s e  pseudospec t ra l  methods. The above r e s u l t s  show 

how t o  get high o rde r  accuracy away from a d i s c o n t i n u i t y ;  however, t hese  tech- 

n iques  amplify t h e  o s c i l l a t i o n s  i n  t h e  neighborhood of t h e  shock. We have 

developed now a technique t o  reduce those  o s c i l l a t i o n s .  The combined method 

i s  being t e s t e d  i n  t h e  contex t  of an  a s t r o p h y s i c a l  problem ( j o i n t l y  with E. 

Tadmor). 

We suggested a new s p l i t t i n g  method f o r  low Mach number flows. This  

s p l i t t i n g  is t h e  only one known t o  us t h a t  keeps t h e  Euler  system of equat ions  

symmetric ( j o i n t l y  wi th  P. Dut t  and S .  Aharbanel). 

We continue t o  work on boundary cond i t ions  f o r  multidomain techniques  

a p p l i e d  t o  hyperbol ic  equat ions .  We check t h e  p o s s i b i l i t y  of s a t i s f y i n g  both 

t h e  d i f f e r e n t i a l  equat ion  and the  boundary cond i t ions  a t  t h e  boundaries.  This  

procedure seems t o  gua ran tee  s t a b i l i t y  (wi th  D. Funaro). 

Chester E. Grosch 

We have completed t h e  development and t e s t i n g  of the three-dimensional,  

t i m e  dependent Navier-Stokes code i n  v o r t i c i t y  and v e l o c i t y  v a r i a b l e s  i n  col-  

l abo ra t ion  with T. Ga t sk i  (High-speed Aerodynamics Div is ion ,  LaRC) and M. E. 

Rose. This work i s  now being w r i t t e n  up f o r  pub l i ca t ion .  R. S p a l l  (Old 

Dominion Univers i ty)  has  completed h i s  s tudy  of vo r t ex  breakdown us ing  t h i s  

code. Spal l ,  Gatsk i ,  and Grosch have r epor t ed  on t h e  Rossby number co r re l a -  

t i o n  f o r  vor tex  breakdown i n  ICASE Report 87-3. F i n a l l y ,  w e  are us ing  t h i s  

code t o  study boundary l a y e r  r e c e p t i v i t y  and a r e ’ p l a n n i n g  t o  use i t  t o  s tudy  

t h e  dynamics of horseshoe v o r t i c e s .  

Calcu la t ions  of t h e  s t a b i l i t y  of a fami ly  of vo r t ex  f lows,  which are exac t  

s o l u t i o n s  of t h e  Navier-Stokes equat ions ,  i s  cont inuing  wi th  M. Korami (Old 

Dominion Universi ty) .  We expect  t h a t  t h e  r e s u l t s  of t h e s e  c a l c u l a t i o n s  w i l l  



illuminate the dependency of the stability or instability of these flows on 
the Reynolds number and pressure gradient. 

The study, in collaboration with R. Fatoohi, of parallel algorithms for 
elliptic and parabolic partial differential equations is continuing. A short 

paper, reporting on the results of the implementation of parallel/concurrent 
algorithms for the elliptic problem on the MPP, FLEX/32, and CRAY/2, has been 
accepted for presentation at the 16th International Conference on Parallel 
Processing. A complete report of this work is being prepared for journal pub- 

lication. The work on the parallel/concurrent algorithms for the parabolic 
problem is continuing. 

S. I. Hariharan 

Work on atmospheric acoustics is being continued. Theoretical aspects are 

covered in a recent report with P. K. Dutt (ICASE Report No. 87-19). Current- 
ly computational work is being done to demonstrate the nonlinear behavior of 

the atmospheric wave propagation. Additional theoretical considerations need- 
ed are nonlinear energy estimates and higher order boundary conditions that 

support these estimates. They are currently being investigated. 

The goal of acoustic interactions in compressible viscous flows is to 
understand the effect of acoustic waves in compressible viscous subsonic 

media, in particular, the effect of acoustic waves in boundary layers. At 
this stage, the experiments are purely numerical. A typical configuration of 
the flow past a semi-infinite flatplate is being considered. The current 

status of the work is as follows: A compressible Navier-Stokes code has been 

built to handle flows that are not necessarily parallel flows. Upstream con- 

ditions and a nonreflective downstream condition are prescribed to emulate a 

realistic situation. The flowfield is developed with a set of appropriate 
initial conditions. Effectiveness of the code has been verified for the case 

of parallel flows by comparing with the Blasius solution. Also, introducing 

discontinuities in the initial temperature field generates acoustic waves. 
The results seem to be realistic. Further investigations are being carried 
out to understand the nature of these acoustic waves. Moreover, acceleration 
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i of computations is being considered. I n  p a r t i c u l a r ,  t h e  r ecen t ly  in t roduced  

nonre f l ec t ive  boundary condi t ions  of Abarbanel,  Bay l i s s ,  and Lustman (ICASE - 
Report No. 86-9) are being incorporated.  

Tom L. Jackson 
Experimentally,  as a tu rbu len t  d e f l a g r a t i o n  wave accelerates i n  a gas 

tube,  i t  c r e a t e s  a shock wave ahead of it. Somewhere between t h e  flame and 

shock wave a "hot spot"  develops,  even tua l ly  l ead ing  t o  a r e a c t i n g  b l a s t  

wave. If t h e  s t r e n g t h  is s u f f i c i e n t l y  l a r g e ,  t h e  b l a s t  wave over takes  t h e  

shock, leading t o  t h e  formula t ion  of a de tona t ion  wave. We cont inue  our  in- 

v e s t i g a t i o n  i n t o  t h e  b i r t h  process  of ho t  s p o t s  i n  r e a c t i n g  gases.  Recent ly ,  

t h e  s p a t i a l  s t r u c t u r e  and temporal e v o l u t i o n  of i n t e r i o r  and boundary "hot 

spots"  have been examined (ICASE Rep. No. 87-2). We are c u r r e n t l y  i n v e s t i -  

g a t i n g  seve ra l  numerical  and a n a l y t i c a l  methods t o  develop t h e  s o l u t i o n  

f u r t h e r  i n  t i m e ,  de sc r ib ing  the  eventua l  development of a de tona t ion  wave. 

Th i s  work is being done i n  c o l l a b o r a t i o n  wi th  A. Kapila. 

A curren t  r e sea rch  e f f o r t  a t  LaRC is t h e  s tudy  of supersonic  combustion 

f lames (de tona t ion  waves) i n  t h e  contex t  of t h e  scramjet engine,  used i n  t h e  

propuls ion of hypersonic  a i r c r a f t  and c r u i s e  missiles. An important  a spec t  of 

t h e  combustor des ign  of t h e  engine l i e s  i n  understanding t h e  in f luence  of 

turbulence upon a de tona t ion  wave, and hence upon chemical mixing. We are 

c u r r e n t l y  working on a model which d e s c r i b e s  t h e  response of a s t eady  detona- 

t i o n  wave t o  f i n i t e  amplitude,  time-dependent d i s turbances .  This  work is 

be ing  done i n  c o l l a b o r a t i o n  with A. Kapila  and M. Y. Hussaini.  

Harry Jordan 

A complete and e f f i c i e n t  ve r s ion  of the Force paral le l  programming exten- 

s i o n  t o  For t ran  is now running smoothly under t h e  F l e x i b l e  Computer Corpora- 

t ion's Flex/32 system a t  LaRC. Two f u r t h e r  developments have rece ived  a t t e n -  

t i o n  i n  the last  ha l f  year .  The Force is being i n t e g r a t e d  i n t o  T. P ra t t ' s  
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PISCES p a r a l l e l  programming system underneath t h e  p a r a l l e l  t a s k  and c l u s t e r  

computat ional  model used in t h a t  system. Perhaps s u r p r i s i n g l y ,  t h e  f a c t  t h a t  

t h e  Force assumes a somewhat cons t ra ined  p a r a l l e l  ope ra t ing  environment does 

n o t  seem t o  i n t e r f e r e  wi th  i t s  i n t e g r a t i o n  i n t o  a f a i r l y  d i f f e r e n t  paral le l  

computat ional  model. The reason i s  probably t h e  r e l a t i v e  s i m p l i c i t y  of t h e  

Force  computat ional  model, which is  a l s o  the reason why minimal d i f f i c u l t y  was 

encountered in producing a r e l a t i v e l y  smoothly ope ra t ing  Force system us ing  a 

f a i r l y  pre l iminary  v e r s i o n  of t h e  Flex132 opera t ing  system. 

I 
I 

The second l i n e  of development i s  t o  u s e  t h e  Force t o  produce p a r a l l e l  

v e r s i o n s  of s t r u c t u r a l  a n a l y s i s  programs. Both r o u t i n e  p a r a l l e l i z a t i o n  of 

e x i s t i n g  modules from t h e  NICE/SPAR s t r u c t u r a l  a n a l y s i s  package as w e l l  as t h e  

development of new p a r a l l e l  a lgor i thms is  being supported.  G. Poole  

(Univers i ty  of V i r g i n i a )  has been us ing  the  Force i n  some work on l i n e a r  

system s o l v e r s ,  and N. Arenstorf  (Universi ty  of Colorado) has  produced a 

p a r a l l e l  v e r s i o n  of p a r t  of t h e  l i n e a r  s y s t e m  s o l v e r  i n  SPAR. Since t h e  SPAR 

system i s  not  ye t  running as a whole under t h e  MMOS p a r a l l e l  ope ra t ing  system 

of t h e  Flex/32, t h e  generation of a good test i n t e r f a c e  f o r  t he  p a r a l l e l  

module p r e s e n t s  a chal lenge.  

David Kammitz 

Work cont inues  on developing a p a r a l l e l  mu l t ig r id  a lgor i thm f o r  t h e  solu-  

t i o n  of t h e  s t eady  s t a t e  e l a s t i c i t y  equations.  The domain of i n t e r e s t  is a 

t h i n  p l a t e  w i t h  ho le s  and cracks.  O f  p a r t i c u l a r  i n t e r e s t  i s  t h e  use  of over- 

lapping  meshes t o  improve t h e  r e s o l u t i o n  of t h e  s o l u t i o n  near  s i n g u l a r i t i e s .  

The u s e  of over lapping  meshes sugges t s  using e i t h e r  t h e  F u l l  Approximation 

Scheme (FAS) of A. Brandt o r  t h e  F a s t  Adaptive Composite Grid (FAC) method of 

S .  McCormick. Both of t h e s e  algori thms are  being t e s t e d  f o r  t h e  s o l u t i o n  of 

t h i s  problem. 

Two l e v e l s  of p a r a l l e l i s m  are present  in t h i s  problem. The f i r s t  l e v e l  

c o n s i s t s  of s o l v i n g  t h e  problem on each mesh independent ly  and then us ing  each 

s o l u t i o n  t o  update  t h e  s o l u t i o n  on t h e  o ther  g r ids .  The s o l u t i o n  on each mesh 

can be done in p a r a l l e l  wi th  t h e  s o l u t i o n  on the o t h e r  meshes. This  l eads  t o  
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a v a r i a n t  of block Gauss-Seidel and i s  a l s o  t h e  core  of t h e  FAC method. The 

second l eve l  c o n s i s t s  of e x p l o i t i n g  t h e  l o c a l  na tu re  of t h e  equat ions  on each 

g r i d  and t o  use  a p a r a l l e l  a lgor i thm f o r  t h e  s o l u t i o n  of each subproblem. 

These t w o  approaches are being considered f o r  implementation on t h e  Flex/32 

mu1 t icompu t er. 

Steve Keeling 
There a r e  two areas of a c t i v i t y .  F i r s t ,  some active no i se  suppress ion  

p r o j e c t s  a r e  coming i n t o  sha rpe r  focus through i n t e r a c t i o n  with t h e  Acoust ics  

D iv i s ion  a t  LaRC. Also, work i s  cont inuing  on Galerkin/Runge-Kutta methods 

f o r  evolu t ion  equat ions.  

I m p l i c i t  Runge-Kutta methods have very a t t r a c t i v e  p r o p e r t i e s  wi th  regard 

t o  s t a b i l i t y  and implementation. However, some unusual  cons is tency  cha rac t e r -  

i s t ics  are becoming well-known. S p e c i f i c a l l y ,  i f  an IRKM wi th  classical 

o rde r  v > 1 is  used t o  s o l v e  a test problem f o r  which o rde r  v is observed, 

a s e r i o u s  o rde r  r educ t ion  can be observed f o r  a more complicated problem, even 

i f  t h e  so lu t ion  is i n f i n i t e l y  smooth. The proofs  show t h a t  i n  a d d i t i o n  t o  

be ing  smooth, t h e  s o l u t i o n  should be i n  t h e  domain of powers of t h e  e l l i p t i c  

ope ra to r ,  as f o r  example, s o l u t i o n s  of t h e  hea t  equat ion  are. Never the less ,  

wh i l e  there  is i n t e r e s t  i n  sharpening theorems which p r e d i c t  convergence 

rates,  I have found a sys t ema t i c  way of modifying any IRKM so  t h a t  h igh  o rde r  

convergence can be proved without  r e s t r i c t i v e  condi t ions  on t h e  so lu t ion .  

Furthermore, t he  computational evidence cont inues  t o  show t h a t  t hese  modified 

methods o f f e r  no t  only opt imal  o rde r  convergence but  accuracy exceeding t h a t  

achieved by t h e i r  unmodified counterpar t s .  

Fumio Kojima 

We continue t o  i n v e s t i g a t e  t h e  numerical  technique f o r  t h e  i d e n t i f i c a t i o n  

of boundary va lue  problems i n  s e v e r a l  s p a t i a l  dimensions. Although t h e  reduc- 

t i o n  of e l l i p t i c  ( resp.  pa rabo l i c )  boundary va lue  problems t o  equ iva len t  
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boundary i n t e g r a l  equa t ions  i s  h i s t o r i c a l l y  well-known, i t s  numerical exp lo i -  

t a t i o n  has  been r e c e n t l y  developed. Our interest is  concerned wi th  the  des ign  

and t h e  a n a l y s i s  of system parameter e s t ima t ion  provided with t h e  high numeri- 

c a l  accuracy and wi th  t h e  t h e o r e t i c a l  convergence p rope r ty  f o r  f i n i t e  approxi- 

mation schemes. By us ing  f i n i t e  element  approximations on t h e  boundary, 

s e v e r a l  methods f o r  e s t i m a t i n g  unknown parameters are proposed. 

Also, w e  are cont inuing our e f f o r t s  to develop t h e  f i n i t e  approximation 

technique of t h e  i d e n t i f i c a t i o n  f o r  s t o c h a s t i c  d i s t r i b u t e d  parameter s y s t e m s  

based on t h e  maximum l i k e l i h o o d  est imat ion.  

W. D. Lakin and P. Hall .. 
The f u l l y  non l inea r  development of small wavelength G o r t l e r  v o r t i c e s  in 

growing boundary l a y e r s  i s  i n v e s t i g a t e d  using a combination of asymptot ic  and 

numerical  methods. The development of the theory i s  unusual i n  t h a t  t h e  non- 

l i n e a r  s t a b i l i t y  i s  not descr ibed by t h e  Stuart-Watson approach. Rather ,  t h e  

development is  governed by a p a i r  of coupled non l inea r  par t ia l  d i f f e r e n t i a l  

equa t ions  f o r  t h e  v o r t e x  flow and mean flow c o r r e c t i o n .  It is found t h a t  t h e  

mean flow c o r r e c t i o n  d r i v e n  by l a r g e  v o r t i c e s  can be as l a r g e  as t h e  b a s i c  

state, y e t  can s t i l l  be descr ibed by asymptotic means. It is shown t h a t  t h e  

v o r t i c e s  spread out  a c r o s s  t h e  boundary l a y e r  and e f f e c t i v e l y  d r i v e  t h e  

boundary l a y e r .  Indeed, t he  new b a s i c  s t a t e  cannot be obtained independent ly ,  

b u t  is determined from a d i f f e r e n t i a l  equat ion generated by t h e  equat ions f o r  

t h e  fundamental component of t h e  v o r t e x  dis turbances.  The mean flow a d j u s t s  

s o  as t o  make t h e s e  l a r g e  amplitude dis turbances l o c a l l y  n e u t r a l .  In t h e  

r eg ion  where t h e  v o r t i c e s  e x i s t ,  t h e  mean flow is found t o  have a "square- 

root" p r o f i l e  which has  e s s e n t i a l l y  no r e l a t i o n s h i p  t o  t h e  flow which e x i s t s  

in t h e  absence of t h e  v o r t i c e s .  
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Chris C. R. Ma 

A modified version of the generalized self-tuning regulation methodology 

of Elliott, Wolovich, and Das has been applied to a 26-state model of the 
SCOLE system. The objective has been to evaluate the asymptotic performance 

of such adaptive control methodology on a complex system. 
In the very first simulation, the 26-state model was truncated to 10- 

states, and convergence of the adaptive system was successfully achieved on 
the ICASE SUN 3/180 computer. The adaptive controller obtained was found to 

have parameter values ranging from to 10 . However, further simulations 
with the SCOLE model states increased to beyond 10 were found to be non- 

convergent due to a numerical problem. The so-called "covariance matrix" in 

the recursive least-squares identification algorithm used, which should stay 

symmetric positive-definite regardless of the performance of the adaptive 
methodology used, was found to have negative values in the diagonal every time 

the experiment was nonconvergent. 

12 

Various procedures have been taken in attempt to correct the above numer- 

ical problem, including resetting the "covariance matrix" upon detection of 
the non-positive-definiteness and simulating the adaptive system on the numer- 

ically more precise ( 6 4  bits) NASA CYBER 170 computer. Covariance resetting 
has been found to be futile for correcting the above problem. However, the 

simulations have resulted in observable transient performance improvements. 
Simulation of the adaptive system on the NASA CYBER computer will be con- 

tinuing until a more confident conclusion on the convergence property of the 
generalized self-tuning regulation methodology can be obtained. Meanwhile, 

the problem of adaptively controlling the dynamics of a robot manipulator will 
be investigated. 

Nessan Mac Giolla Mhuiris 

An attracting set for a dynamical system is a region in phase space which 

"attracts" nearby initial conditions. Any orbit started in the neighborhood 

of such a set, A, will evolve towards it and not leave A thereafter. 
Attracting sets for dissipative systems have dimensions which are less than 
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t hose  of t h e  phase space as a whole and, as  they e v e n t u a l l y  t r a p  a l l  i n i t i a l  

cond i t ions ,  i t  is  t h e i r  c h a r a c t e r  which governs t h e  long term, asymptot ic  

behavior of t h e  sys tem.  Recently,  examples have been found of some remarkable 

a t t r a c t o r s .  These s t r a n g e  a t t r a c t o r s  are c h a r a c t e r i z e d  by t h e  f a c t  t h a t  

o r b i t s  i n  them, which a t  some t i m e  l i e  i n f i n i t e l y  c l o s e  t o g e t h e r ,  d ive rge  from 

each o t h e r  a t  an  exponen t i a l  ra te  and become uncor re l a t ed  i n  a f i n i t e  t i m e .  

In e f f e c t ,  t h i s  p rec ludes  q u a n t i t a t i v e  p red ic t ions  of t h e  behavior of i nd iv id -  

u a l  o r b i t s  f o r  a l l  but  t h e  b r i e f e s t  times. Such behavior,  termed s e n s i t i v e  

dependence on i n i t i a l  cond i t ions ,  must be p re sen t  i f  t he  s y s t e m  is  t o  be con- 

s i d e r e d  chaot ic .  

Many f i n i t e  dimensional flows are now known t o  have t h i s  s e n s i t i v e  depend- 

ence on i n i t i a l  cond i t ions ,  and i t  has been con jec tu red  t h a t  t h e  appearance of 

s t r a n g e  a t t r a c t o r s  is re spons ib l e  f o r  t h e  e v o l u t i o n  of t u r b u l e n t  f l u i d  flows 

from t h e i r  laminar pe rcu r so r s .  A s tudy is underway t o  address  t h i s  conjec- 

t u r e .  The rates a t  which nearby o r b i t s  diverge o r  converge f o r  a given vec to r  

f i e l d  i s  termed the  Lyapunov spectrum of t h e  flow. A s t r a n g e  a t t r a c t o r  must 

have a t  least one p o s i t i v e  and one negative Lyapunov exponent. A new method 

of measuring these  exponents f o r  t h e  incompressible Navier-Stokes equat ions 

has  been formulated. This  method is  capable of measuring both p o s i t i v e  and 

nega t ive  exponents. Cur ren t ly ,  i t  is  being app l i ed  t o  t h e  case of s p a t i a l l y  

p e r i o d i c  f lows i n  a cube. 

Nessan Hac Giolla Mhuiris and Yousuff thrssaini 
There has  been much con jec tu re  of late about t h e  r o l e  of h e l i c i t y  i n  t h e  

flow of t u r b u l e n t  and p r e t u r b u l e n t  f l u i d s .  Alignment of a v o r t e x  l i n e  and a 

s t r e a m l i n e  causing a s t r e t c h i n g  of t h e  vortex l i n e  has been seen  as a mecha- 

nism t o  l o c a l l y  i n c r e a s e  t h e  v o r t i c i t y  i n  a f l u i d  flow. Indeed, i t  has been 

suggested t h a t  i n  c e r t a i n  cases, tu rbu len t  f l u i d s  can be i n  a s ta te  of 

B e l t r a m i  flow f o r  a long t i m e  w i th  the v o r t i c i t y  and t h e  v e l o c i t y  becoming 

completely a l igned .  However, t h e  nonl inear  d i f f u s i v e  terms i n  t h e  Navier- 

Stokes equa t ions  are not  p re sen t  f o r  Beltrami flows. To s tudy t h e  importance 

of t h i s  mechanism, t h e  flow of an incompressible f l u i d  i n  a p e r i o d i c  cube i s  
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being  inves t iga t ed  numerically.  A h ighly  a c c u r a t e  divergence f r e e  spectral  

method is being used t o  s o l v e  t h e  equa t ions ,  and c a r e f u l  a t t e n t i o n  is being 

g iven  t o  t h e  angles  between t h e  vo r t ex  and stream l i n e s .  I n  t h i s  manner, w e  

can track the evo lu t ion  of any areas in t h e  f l u i d  which become Bel t rami- l ike  

ove r  time. 

D i m i t r i  Havriplis 

The u s e  of uns t ruc tu red  meshes f o r  s o l v i n g  s teady  i n v i s c i d  compressible  

flow problems about complex conf igu ra t ions  i s  being inves t iga t ed .  A t  p r e s e n t ,  

s o l u t i o n s  have been r e s t r i c t e d  t o  multi-element a i r f o i l s  i n  two dimensions. A 

mul t ig r id  a lgor i thm has been developed f o r  so lv ing  t h e  s t eady- s t a t e  Euler  

equat ions  i n  two dimensions on uns t ruc tu red  t r i a n g u l a r  meshes. The method 

assumes the var ious  coa r se  and f i n e  g r i d s  of t h e  mul t ig r id  sequence t o  be 

independent of one another ,  t hus  decoupl ing t h e  g r i d  gene ra t ion  procedure from 

t h e  mul t igr id  algorithm. The t r a n s f e r  of v a r i a b l e s  between t h e  va r ious  meshes 

employs a t ree-search  a lgor i thm which r a p i d l y  i d e n t i f i e s  regions of over lap  

between coarse and f i n e  g r i d  cells. F i n e r  meshes are obta ined  e i ther  by 

regenera t ing  new g l o b a l l y  r e f ined  meshes, o r  by adap t ive ly  r e f i n i n g  the  

previous coa r se r  mesh. This  is achieved by l o c a l l y  adding p o i n t s  i n  reg ions  

where la rge  flow g r a d i e n t s  are observed and r e t r i a n g u l a t i n g .  For both cases, 

t h e  observed convergence rates are comparable t o  those  obtained wi th  s t r u c -  

t u r e d  mul t igr id  Eu le r  so lve r s .  The adap t ive ly  genera ted  meshes were found t o  

produce so lu t ions  of h ighe r  accuracy wi th  fewer mesh poin ts .  This  work re- 

s u l t e d  i n  a paper,  co-authored wi th  A. Jameson, which w a s  p resented  a t  t h e  

Third Copper Mountain Mul t ig r id  Conference i n  Apr i l  of 1987. 

Further  research  is aimed a t  opt imiz ing  t h e  amount of work performed on 

each g r id  of t h e  adap t ive ly  r e f ined  m u l t i g r i d  sequence. One approach being 

considered involves  conf in ing  t h e  f i n e  g r i d  t ime-stepping t o  t h e  reg ions  of 

t h e  mesh which have been l o c a l l y  r e f ined .  Another p o s s i b i l i t y  involves  t i m e -  

s t epp ing  on t h e  e n t i r e  f i n e  mesh but  o m i t t i n g  t h e  t ime-stepping o p e r a t i o n  on 

regions of t h e  coarse  mesh where t h e  mesh po in t  d i s t r i b u t i o n  is not  apprec i -  

ab ly  sparser  than  t h e  prev ious  f i n e  mesh. 
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Navier-Stokes solutions are also being pursued. Preliminary work has 
begun with the generation of Navier-Stokes-type meshes about single airfoil 

geometries. The unstructured multigrid algorithm is expected to carry over to 
Navier-Stokes problems in a straightforward manner. However, the generation 

of suitable Navier-Stokes meshes about complex configurations is a non-trivial 
problem which will require further research. 

Piyush Mehrotra and John Van Rosendale 

In the last six months, work on the BLAZE language has focused on under- 
standing the issue of shared versus non shared-memory, and the language level 

implications of this architectural choice. A recent paper on automated 
domain-decomposition techniques focused on this issue, in the context of BLAZE 
compiler transformations. This work was primarily directed towards archi- 
tectures, like the IBM RP3,  in which memory locality is important, though 

shared memory semantics are still supported. 
We are in the process of extending this work to non shared-memory archi- 

tectures. While exploiting locality and minimizing communication seem 
important on all parallel architectures, on non shared-memory systems, they 

are critical. It is not clear whether BLAZE-like languages, in which the pro- 
grammer can easily write algorithms requiring massive communication, are well 

suited to non shared-memory architectures. L. Snyder (University of 

Washington) has been suggesting the use of APL-style languages in this con- 

text. This is an alternative we are actively exploring. 

We have also been continuing development of synchronized packet inter- 

connection networks and of heterogeneous architectures based on this con- 
cept. The idea here would be to provide a set of compatible hardware-software 

modules, which one could assemble into "special purpose" architectures for 
specific applications. Each module would be viewed as an "abstraction" or 

"object" at the language level. 

This approach is similar to the use of attached vector coprocessors for 
linear algebra kernels. We are simply pushing this idea further, suggesting 
its use as the organizing principle for the entire architecture and program- 
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ming environment. One kind of module being devised would be a "continuous 

func t ion"  module, which would con ta in ,  and al low one t o  manipulate ,  s p l i n e  1 
r ep resen ta t ions  of continuous func t ions .  There is  a s u b s t a n t i a l  b e n e f i t  t o  

bu i ld ing  s p l i n e  r ep resen ta t ions  i n t o  hardware, though t h e r e  is a l s o  a loss of 1 
f l e x i b i l i t y  and programmability. 

I 

I 

David Middleton 
Research i n  paral le l  computing proceeds i n  s e v e r a l  d i r e c t i o n s ,  t h r e e  main 

ones being a lgor i thm design,  language des ign ,  and hardware design.  There are 

many c r i t e r i a  f o r  eva lua t ing  des ign  choices  i n  t h e s e  areas, and t h e s e  c r i te r ia  

have s u b t l e  and ex tens ive  i n t e r r e l a t i o n s h i p s ,  both wi th in  a s i n g l e  area and 

between sepa ra t e  ones. There is l i t t l e  agreement among re sea rche r s  as t o  how 

c o n f l i c t i n g  cr i ter ia  should be weighed, e s p e c i a l l y  between t h e  s e p a r a t e  

areas. One such d i f f i c u l t y  l i e s  i n  ba lanc ing  t h e  f l e x i b i l i t y  t o  be gained 

through g e n e r a l i t y  with the  e f f i c i e n c y  t o  be gained through r e s t r i c t i o n s  of 

t h e  problem domain. I a m  i n v e s t i g a t i n g  some problems which involve  ba lanc ing  

c r i t e r i a  from t hese  areas. 

One such c o n f l i c t  e x i s t s  between t h e  need of p a r a l l e l  languages f o r  in- 

expensive t a s k  c r e a t i o n  and t h e  d i f f i c u l t y  f o r  hardware i n  provid ing  it. One 

approach is t o  create new v i r t u a l  machines dur ing  execut ion  as is  done on t h e  

FFP Machine. The FFP is a f ine-grained MIMD p a r a l l e l  computer t h a t  has been 

designed t o  execute  t h e  f u n c t i o n a l  languages of John Backus. As an  a v a i l a b l e  

t a s k  is de tec ted  during execut ion ,  a group of dedica ted  hardware resources  is  

r a p i d l y  a l loca t ed  f o r  i t s  e v a l u a t i o n  i n  a way t h a t  avoids  alignment and frag-  

mentation problems. 

Backus's FP was designed t o  provide c e r t a i n  e l egan t  language p r o p e r t i e s  

which allow programs t o  be manipulated and reasoned about a l g e b r a i c a l l y .  Cer- 

t a i n  a lgori thms,  however, appear  d i f f i c u l t  t o  implement e f f i c i e n t l y  i n  FP. A 
family of a lgor i thms c a l l e d  p a r a l l e l  p r e f i x  ope ra t ions  has  rece ived  much at- 

t e n t i o n  l a t e l y ,  and I have been i n v e s t i g a t i n g  implementing them e f f i c i e n t l y  i n  

FP, where t h e  e f f i c i e n c y  i s  measured s p e c i f i c a l l y  with regard t o  t h e  model of 

computation provided by t h e  FFP Machine. Some p a r t i c u l a r  p a r a l l e l  p r e f i x  
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opera t ions ,  being necessary t o  support  c e r t a i n  system ope ra t ions ,  have been 

p a r t  of t he  FFP Machine from e a r l y  on. As a f i r s t  p a r t  of t h i s  s tudy ,  I have 

developed a g e n e r a l i z a t i o n  of t h e  hardware support  provided by t h e  FFP 

machine’s swi tch ing  network f o r  t hese  paral le l  p r e f i x  opera t ions .  

Given t h e  FFP Machine as a hardware design t h a t  has been der ived  from t h e  

FP language, i t  is i n t e r e s t i n g  t o  see how w e l l  t h e  FFP machine can implement 

o t h e r  languages. Research wi th  B. Smith ( Indiana  Un ive r s i ty )  is  examining 

implementing t h e  OPS5 Product ion System language on t h e  FPP machine. This 

s tudy  may shed l i g h t  on disagreement t h a t  exis ts  as t o  t h e  p r a c t i c a l i t y  of 

f ine-gra ined  machines f o r  OPS5. 

The Navier-Stokes machine is a hardware des ign  t h a t  has  been der ived  from 

t h e  needs of a s p e c i f i c  algorithm. An i n t e r e s t i n g  research  d i r e c t i o n  is  t o  

examine how w e l l  languages and programming a i d s  may be c rea t ed  t o  suppor t  such 

a machine a f t e r  t h e  hardware des ign  has  been completed (perhaps by import ing 

techniques  from o t h e r  systems such as t h e  BULLDOG compiler technology f o r  VLIW 

a r c h i t e c t u r e s ) .  

V i j ay  K. Naik 

Work i s  con t inu ing  towards developing methodologies t h a t  w i l l  c h a r a c t e r i z e  

M I M D  a r c h i t e c t u r e s  and quan t i fy  t h e  a r c h i t e c t u r e  and a lgo r i thm dependent 

parameters.  We are concen t r a t ing  mostly on problems r e l a t i n g  s c i e n t i f i c  

computations,  a l though t h e  p r i n c i p l e s  developed he re  should be a p p l i c a b l e  t o  

o t h e r  a p p r o p r i a t e  areas of p a r a l l e l  processing as w e l l .  Various e x i s t i n g  as 

w e l l  as proposed a r c h i t e c t u r e s  and important a lgor i thms are c u r r e n t l y  under 

i n v e s t i g a t i o n .  It i s  hoped t h a t  t h e  outcome of t h i s  r e sea rch  w i l l  he lp  

towards automating t h e  process  of e f f i c i e n t  p a r a l l e l  implementations.  

David H. N i c o l  

Two model problems, one from f l u i d s  dynamics us ing  dynamic r eg r idd ing ,  and 

t h e  Game of L i f e ,  have been implemented on t h e  FLEX/32 and an I n t e l  Hypercube 
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f o r  t h e  purpose of empi r i ca l ly  s tudying  dynamic load ba lanc ing  p o l i c i e s .  

These codes w i l l  s e r v e  as a t e s t b e d  f o r  (1) c e n t r a l i z e d ,  s t a t i c  " r i s k  ave r t -  

ing" p o l i c i e s ,  ( 2 )  dynamic schedul ing of r i s k  a v e r t i n g  p o l i c i e s ,  (3) dynamic 

remapping of exact  balance p o l i c i e s ,  ( 4 )  decen t r a l i zed  balancing p o l i c i e s .  

The s i m p l i c i t y  of t h e  model problems should al low a comparative s tudy  between 

these  var ious methods. This  work i s  being done wi th  J. Sa l t z .  

W e  continue t o  develop a n a l y t i c  models which desc r ibe  t h e  behavior  of 

dynamically evolving computations. We have r e c e n t l y  been a b l e  t o  cap tu re  t h e  

phenomenon of c o r r e l a t i o n  between pieces of work, de r ive  t h e  opt imal  s t a t i c  

mapping of such workloads, and d i scuss  opt imal  schedul ing  of dynamic remapping 

of t h e s e  workloads. Fu r the r  work w i l l  a t tempt  t o  g e n e r a l i z e  t h i s  model. This  

work is being done wi th  J. Sa l t z .  

We a re  p o r t i n g  a subse t  of t h e  ABL's CORBAN s imula t ion  t o  t h e  FLEX/32. 

Once implemented t h i s  d i s t r i b u t e d  s imula t ion  t e s t b e d  w i l l  a l low a s tudy  of t h e  

e f f e c t i v e n e s s  of var ious  load  balancing p o l i c i e s  and w i l l  a l s o  a l low a compar- 

i s o n  of var ious synchroniza t ion  p ro toco l s  which have been proposed i n  t h e  

l i t e r a t u r e  f o r  d i s t r i b u t e d  s imula t ion .  This  work is  being done wi th  J. S a l t z ,  

P. Reynolds, and F. Willard.  

One problem which i s  o f t e n  overlooked i n  paral le l  process ing  is t h e  de te r -  

minat ion of t h e  number of processors  t o  employ i n  so lv ing  a problem. Increas-  

i n g  t h e  number of processors  can improve p a r a l l e l i s m  whi le  i n c r e a s i n g  overhead 

c o s t s  such as communication. We have a n a l y t i c a l l y  captured t h e  r e l a t i o n s h i p s  

between execut ion and communication c o s t s  i n  o rde r  t o  determine an opt imal  

a l l o c a t i o n  of processors  t o  a given t a s k  i n  a given a r c h i t e c t u r e .  We are 

c u r r e n t l y  v a l i d a t i n g  our  a n a l y t i c  models on t h e  FLEX/32. 

We are  a t tempt ing  t o  exp la in  t h e  run-time behavior  of backt racking  sea rch ,  

u s i n g  t h e  N-Queens problem as a model. Two d i f f e r e n t  methodologies have been 

developed f o r  e s t ima t ing  t h e  number of sea rch  tree nodes v i s i t e d  du r ing  a 

search;  an o p t i m a l i t y  proof f o r  one model of t h e  "most-constrained" dynamic 

sea rch  rearrangement s t r a t e g y  has a l s o  been cons t ruc t ed ,  and t h e  a n a l y t i c  

model has been v a l i d a t e d  on a v a r i e t y  of backt racking  problems. F u r t h e r  work 

w i l l  attempt t o  extend our a n a l y t i c  and empi r i ca l  r e s u l t s .  This  work i s  being 

done wi th  Harold Stone. 
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Merrell L. Patrick 

Computing systems of the future for large scale scientific and engineering 
computations will consist of many processors and memories working in parallel 

to solve a single problem. Efficient use and ease of use of these future sys- 
tems are two basic problems facing potential users. The development of new 
parallel algorithms, parallel execution time models which predict the perform- 

ance of the algorithms on different parallel architectures, and parallel pro- 
gramming environments for expressing the algorithms are essential for progress 

toward the solution of these problems. 
Development of parallel algorithms and corresponding parallel execution 

time models for solving the generalized eigenvalue problem is continuing. 
Results from the models will be used to predict the performance of the algo- 

rithms on message passing and shared memory MIMD machines. The parallel algo- 
rithms will be integrated into a structural analysis system, NICE/SPAR, run- 

ning on the FLEX/32 as a program module used in the dynamic analysis of a 
structure in motion. Algorithms based on subspace iteration and Sturm sequen- 

ces have been implemented and tested on the FLEX/32 at LaRC. Efforts continue 
to determine the algorithm of choice for bus-based architectures such as the 
FLEX/3 2. 

The algorithm of choice will be used as a basis to continue work with T. 

Pratt and H. Jordan on defining the essential ingredients of parallel program- 
ming languages for scientific computations. Different programming paradigms 

will be used to program this algorithm on the FLEX/32 system and the overhead 
of the different implementations will be compared. 

Work with L. Adams and D. Reed determined optimal stencil/partition pairs 

for solving elliptic partial differential equations on MIMD machines. The 

optimality condition was to maximize the computation to communication ratio. 

Parallel execution time models were developed for message passing and shared 

memory architectures to predict the impact of the architecture on the choice 
of stencil/partition pairs. 

A study to extend these models to include the impact of input/output on 
performance of parallel systems has been initiated with D. Reed. A long range 

planning document for multidisciplinary studies in the use of emerging 
parallel computers in the aerospace sciences has been written with J. Ortega 

and R. Voigt. 
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A study with J. Saltz and R. Voigt which attempts to answer the question 
as to whether SIMD architectures are sufficient for carrying out many of the 

computations arising in the solution of partial differential equations is 

still planned. 

Doug Peterson 

Two additional Sun 3/50 diskless workstations have been added to the ICASE 
computing environment, bringing the total number of workstations supported by 

the file server to fourteen. Additional building wiring has been installed to 
provide direct MICOM access from each of the workstations, thus easing load on 

the file server. Release 3.2 of Sun Microsystems operating system has been 
installed and is performing satisfactorily. Full access to ARPANET sites is 

available from the Sun file server. The floating point accelerator module has 
been delivered and installed in the file server and performs as specified. 

The IBM PC/AT's in the ICASE office have been networked with the Sun file 
server through ethernet, using Sun Microsystems PC-NFS software. 

The locally prepared document "Computing at ICASE" has been revised to re- 

flect changes i n  the ICASE computing environment. Except for graphics, this 

document was prepared on the Sun using available UNIX editors and document 
formatters. As in the past, the graphics were done using a Macintosh. 

An effort is currently in progress to upgrade the document publising capa- 
bilities at ICASE. Systems being evaluated include WYSIWYG systems, word pro- 
cessors, and text editors in conjunction with document formatters. The goal 
of this effort is to provide a complete document preparation and publishing 

system capable of integrating text, mathematical equations, and graphics from 
a wide range of input formats, including hand-written rough drafts and those 

prepared at other sites and transmitted to ICASE electronically. Additional- 
ly, the system should be able to support several dutput formats for electronic 

transmission to technical journals. Products from several vendors have been 
evaluated in-house. Some have deficiencies in areas of compatibility with 

existing systems; other products lack mature capabilites in certain areas. 
The document formatting system TeX, as distributed by the University of 

Washington, has been installed. 

- ~ - 
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ICASE has p a r t i c i p a t e d  i n  t h e  development of a center-wide TCP/IP network 

a t  Langley, w i th  t h e  Sun f i l e  s e r v e r  playing a key ro l e .  ICASE has provided 

t e c h n i c a l  support  through c o n s u l t a t i o n  i n  a l l  aspects of U N I X  i n c l u d i n g  net-  

work design,  management i s s u e s ,  communications p r o t o c o l s ,  I P  i n t e r n e t  addres- 

s i n g ,  es tabl ishment  of r e l i a b l e  e l e c t r o n i c  mail, u s e r  t r a i n i n g ,  and system 

admin i s t r a t ion .  T h i s  e f f o r t  has r e s u l t e d  i n  t h e  adopt ion of TCP/IP as t h e  

primary computer network p r o t o c o l  a t  Langley Research Center. 

T e r r e n c e  W. P r a t t  

The PISCES 2 p a r a l l e l  programming environment a l lows t h e  s c i e n t i f i c  pro- 

grammer t o  write p a r a l l e l  programs t h a t  are intended t o  run on v a r i o u s  pa ra l -  

l e l  a r c h i t e c t u r e s .  Programming is done i n  Pisces For t r an ,  an  ex tens ion  of 

F o r t r a n  77 t h a t  i nc ludes  c o n s t r u c t s  f o r  c o n t r o l l i n g  a para l le l  computer. 

S e v e r a l  " g r a n u l a r i t i e s "  of p a r a l l e l  ope ra t ion  are provided. 

P i s c e s  F o r t r a n  inc ludes  a ve r s ion  of t h e  "force" c o n s t r u c t s  developed by 

H. Jordan. It a l s o  provides  f e a t u r e s  f o r  d e f i n i n g  t a s k s  and sending messages 

asynchronously. 

The PISCES 2 environment i n c l u e s  (1) a p rep rocesso r  t h a t  t r a n s l a t e s  P i s c e s  

F o r t r a n  i n t o  s t anda rd  F o r t r a n  77, ( 2 )  a conf igu ra t ion  environment t h a t  a l lows 

t h e  programmer t o  set up a run  on t h e  p a r a l l e l  machine, and (3) a run-time en- 

vironment t h a t  a l lows t h e  programmer t o  monitor and c o n t r o l  program execu- 

t i on .  A l i b r a r y  of run-time r o u t i n e s  i s  used t o  implement t h e  v a r i o u s  Pisces 

F o r t r a n  language c o n s t r u c t s .  

The PISCES 2 environment is  running on t h e  FLEX/32 a t  LaRC. Current  work 

invo lves  measuring t h e  performance of the system t o  determine t h e  so f tware  

overhead f o r  u s e  of t h e  va r ious  language cons t ruc t s .  

Joel R. Saltz 

It i s  a n t i c i p a t e d  t h a t  i n  o r d e r  t o  make e f f e c t i v e  u s e  of many f u t u r e  high 

performance a r c h i t e c t u r e s ,  programs w i l l  have t o  e x h i b i t  a t  least a medium 
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gra ined  parallelism. Methods f o r  aggrega t ing  work represented  by a d i r e c t e d  

a c y c l i c  graph are of p a r t i c u l a r  i n t e r e s t  f o r  use i n  conjunct ion  with tech- 

n iques  u n d e r  development f o r  t h e  automated e x p l o i t a t i o n  of pa ra l l e l i sm.  

An i n v e s t i g a t i o n  has been c a r r i e d  out  i n t o  methods a p p r o p r i a t e  f o r  t h e  

aggregat ion,  mapping, and schedul ing  of r e l a t i v e l y  f i n e  gra ined  computations 

s p e c i f i e d  by a d i r e c t e d  a c y c l i c  graph. The s o l u t i o n  of very s p a r s e  t r i a n g u l a r  

l i n e a r  sys t ems  provides  a very u s e f u l  model problem f o r  use  i n  exp lo r ing  t h e s e  

h e u r i s t i c s  . 
A number of ques t ions  t h a t  relate t o  p a r t i t i o n i n g  t h e  work r equ i r ed  t o  

so lve  sparse  t r i a n g u l a r  l i n e a r  systems is  consequently explored. A method i s  

descr ibed  f o r  us ing  t h e  t r i a n g u l a r  mat r ix  t o  gene ra t e  a parameter ized assign-  

ment of work t o  processors ,  and s imple express ions  are der ived  that  s p e c i f y  

t h e  schedul ing of computat ional  work. The t r a d e o f f s  between load imbalance 

and synchronizat ion c o s t s  as a f u n c t i o n  of two or thogonal  measures of 

g r a n u l a r i t y ,  block s ize  and window s ize  are examined exper imenta l ly  on an  

Encore Multimax shared memory machine, an I n t e l  Hypercube as w e l l  as 

a n a l y t i c a l l y  i n  t h e  contex t  of a model problem. The resul ts  of t h e s e  s t u d i e s  

are t o  be presented i n  an ICASE r e p o r t  and are being used i n  a modeling s tudy  

wi th  D. Nicol. 

Joel H. %ltz aud David M. Nicol 

We consider  t h e  t r a d e o f f s  between t h e  b e n e f i t s  and c o s t s  of ba lanc ing  load 

i n  mult iprocessor  s o l u t i o n s  of computat ional  problems t h a t  d e s c r i b e  t h e  evolu- 

t i o n  of a phys i ca l  system over  the course of t i m e .  The type  of a r c h i t e c t u r e  

being assumed is one i n  which each processor  has  a l o c a l  memory and t h e  pro- 

c e s s o r s  pass messages through e i t h e r  a communications network o r  a shared 

memory. The r e s p o n s i b i l i t y  f o r  computations p e r t a i n i n g  t o  a g iven  p o r t i o n  of 

t h e  problem domain i s  ass igned  t o  each process’or. The d a t a  dependencies 

inhe ren t  i n  t h e  s o l u t i o n  of a t i m e  dependent problem cause t h e  most h e a v i l y  

loaded processor  t o  l i m i t  t h e  rate a t  which the problem i s  solved. Frequent- 

l y ,  t he  load i n  t h e  p o r t i o n  of t h e  problem ass igned  t o  each processor  w i l l  

vary ,  and without r e d i s t r i b u t i o n  of load ,  system performance dec l ines .  While 
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performance can be improved by a redistribution of load, this redistribution 
itself exacts a sometimes large delay cost. 

Two probabilistic load models are proposed and used to evaluate policies 
for deciding when load balancing should be performed. Through use of these 

models, it is possible to characterize the relative performance of a number of 

different policies designed to determine when load should be balanced. This 

performance characterization is carried out through the derivation of analytic 

expressions and through simulation. Estimates of how the cost of balancing 

load interact with model parameters describing the number and activity of pro- 
cessors are obtained. Validation of these results is being carried out using 

an Intel iPSC hypercube implementation of Conway's Game of Life and a Flex/32 

implementation of a fluids code. 

In a separate but related activity, a study is made of tradeoffs between 
communication costs and load imbalance in multiprocessors with preferential 

access to local memories, and between synchronization costs, and load imbal- 

ance in machines where the access time to all memory is approximately equal. 

Both analytic modeling and empirical studies on the Intel iPSC hypercube and 
the Encore multimax are carried out. The problem used in the empirical 

studies is that of solving sparse linear systems arising from finite dif- 

ference discretizations of elliptic partial differential equations. The 

method used to solve these systems is a conjugate gradient type method, 
orthomin, preconditioned with incomplete LU factorizations. Wavefront methods 

are used to obtain parallelism in the forward and back solve of the sparse 
lower and upper triangular matrices required for preconditioning. 

Parametrized mapping schemes are developed that allow one to adjust the 
granularity of parallelism in several different ways. The mapping chosen in- 

f luences both the balance of load and the communication and synchronization 
overheads observed. The experimental results will be compared with analytic 

models of these tradeoffs in a particularly regular model problem as well as 
more general probabilistic models of these tradeoffs. 
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Paul Saylor 

The Chebyshev method with the adaptive algorithm of Manteuffel is an 

iterative method for the solution of nonsymmetric systems. The package form 

of the method is called Chebycode. There are many other methods for nonsym- 

metric systems such as ORTHOMIN, but there is no public domain package in- 
corporating non-Chebyshev methods. Discussions have been held with W. Whitlow 

(Loads and Aeroelasticity Division, LaRC) on the applicability of Chebycode to 
the Approximate Factorization method, which is an unaccelerated iterative 

method that converges rather slowly. The Approximate Factorization method is 
part of a code for the solution of the Transonic Small Disturbance equation. 

CGCode is a package of conjugate gradient methods suitable for either sym- 
metric positive definite or symmetric indefinite systems. Preconditioning is 

allowed in a way convenient to the user. The package has been discussed with 
J. Newman (Materials Division, LaRC) and I. S .  Raju for use on large matrices 

with a bandwidth of 10000 or more where direct methods are not practical. 

Another activity is focused on "leapfrog iterations." This work is the 

basis of an ICASE report, nearly complete, on some techniques to avoid 1/0 and 
to facilitate chaining, when appropriate, for the solution of large problems 

by rearranging the computation. Preconditioning can also be done. The 
algorithm should be useful on supercomputers with or without large memory. 

Richardson's method requires a set of acceleration parameters, and in most 

of the work these parameters are assumed to be known. However, this effort is 

focused on providing a computational method for computing the parameters based 

on the least squares minimization of a residual polynomial. This approach 

complements work of H.. Tal-Ezer, who by an application of Faber polynomials, 
generates a set of Richardson iteration parameters based on a criterion 

distinct from least squares. The leapfrog iteration can be used with either 
set of parameters. 

In a joint effort with D. Nicol and J. Saltz, a random conjugate gradient 
method is being developed. A conjugate gradient diiver was assembled together 

with a conjugate gradient routine and a routine written to compute inner 
products by sampling. These program elements now form an undebugged pack- 

age. An advantage of sampling for inner products and norms is that it may 
help with communication, I/O, or memory access overheads. 
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Paul Saylor, Joel E. Salte, and David M. Nicol , 
i 
~ A reduc t ion  i n  t h e  asymptot ic  computational complexity of a number of cam- 
1 mon i t e r a t i v e  methods appears ,  i n  some cases, t o  be ach ievab le  through a 

s imple mod i f i ca t ion  of t h e  algorithms. S ta t i s t ica l  e s t i m a t i o n  techniques are 

e x p l o i t e d  i n  o r d e r  t o  reduce t h e  computation r equ i r ed  i n  t h e  c a l c u l a t i o n  of 

t h e  i n n e r  products  r equ i r ed  i n  the  conjugate g r a d i e n t  method and of i t e r a t i o n  

ma t r ix  e igenvalues  r equ i r ed  for implementation of optimal Chebyshev acce le ra -  

t i on .  The s i z e  of t h e  sample r equ i r ed  f o r  t h e  s t a t i s t i c a l  e s t i m a t i o n  and, 

consequently,  t h e  computation r equ i r ed  t o  form t h e  s ta t i s t ica l  estimate vary 

with t h e  p r e c i s i o n  r equ i r ed  of t he  estimate.  Methods of determining sample 

s i z e  given a p r i o r i  and observed measures of t h e  problem behavior are being 

i n v e s t i g a t e d .  The u t i l i t y  of sampling i n  t h e  e s t i m a t i o n  of i n n e r  products  and 

i t e r a t i o n  ma t r ix  e igenva lues  is  s i g n i f i c a n t  i n  t h e  s o l u t i o n  of very l a r g e  

scale problems invo lv ing  m i l l i o n s  of va r i ab le s .  Experimental work t o  e l u c i -  

d a t e  t h e  u s e f u l n e s s  of t h e s e  methods on v e c t o r  and mul t ip rocesso r  a rch i -  

t e c t u r e s  is being c a r r i e d  out.  

I 
I 

&-Gang Shih and Shlano Ta'asan 

B i f u r c a t i o n  problems of a bottom-heated box f i l l e d  w i t h  incompressible  

f l u i d  is s t u d i e d  numerically.  Asymptotic a n a l y s i s  of t h i s  problem shows t h a t  

t h e  l i n e a r i z e d  problem has a very c lose ly  spaced spectrum. The method of 

m u l t i g r i d  R i t z  p r o j e c t i o n ,  introduced by Brandt,  McCormick, and Ruge (19831, 

i s  used. W e  a l s o  p l a n  t o  t rea t  imperfect b i f u r c a t i o n  i n  t h e  f u t u r e .  

Charles G. Speeiale 

C o r r e l a t i o n s  of r e c e n t l y  developed subgrid scale models f o r  t h e  large-eddy 

s i m u l a t i o n  of compressible t u r b u l e n t  flows have been completed i n  co l l abora -  

t i o n  wi th  M. Y. Hussaini ,  T. Zang (High-speed Aerodynamics Div i s ion ,  LaRC), 

and G. Erlebacher  (High-speed Aerodynamics Div i s ion ,  LaRC). Work on t h e  

large-eddy s i m u l a t i o n  of homogeneous compressible t u r b u l e n t  f lows wi th  simple 
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s h e a r  i s  c u r r e n t l y  underway. Some pre l iminary  i n v e s t i g a t i o n s  of p o s s i b l e  

large-eddy s imula t ions  by renormal iza t ion  group methods have a l s o  been 

conducted. Appl ica t ions  of t h i s  work t o  t h e  large eddy s imula t ion  of turbu- 

l e n t  flow p a s t  a f l a t  p l a t e  a t  h igh  Mach numbers (wi th  shock waves) are 

p lanned. 

Work on t h e  development of improved second-order c losu re  models f o r  in- 

compressible tu rbu len t  f lows wi th  in-plane cu rva tu re  cont inues  i n  co l labora-  

t i o n  w i t h  T. Gatsk i  (High-speed Aerodynamics Div is ion ,  LaRC). P o t e n t i a l  

app l i ca t ions  of t h i s  work t o  t h e  f i e l d  of aerodynamic drag  r educ t ion  are 

envisioned. 

Shlomo Ta'asan 

Mult igr id  methods f o r  b i f u r c a t i o n  problems are under study. Methods f o r  

pa th  following a t  r e g u l a r  and s i n g u l a r  p o i n t s ,  d e t e c t i o n  and l o c a t i o n  of s ing-  

u l a r i t i e s ,  swi tch ing  branches a t  b i f u r c a t i o n  p o i n t s ,  l o c a t i n g  envelope of 

s i n g u l a r  po in ts ,  e tc . ,  are i n  development. Bas i ca l ly ,  t h e  s e l f - a d j o i n t  case 

has  been t r e a t e d  a l r eady  wi th  very good success. Extensions t o  nonself  

a d j o i n t  problems wi th  p o s s i b l e  a p p l i c a t i o n s  t o  Navier-Stokes equat ions  is t h e  

next  goal.  

Another d i r e c t i o n  is  t h e  development of m u l t i g r i d  methods f o r  i n v e r s e  

problems. Here the  s tudy  i s  focused now on problems involv ing  t h e  hea t  equa- 

t i on .  Applicat ions t o  Nondestruct ive Thermal Evalua t ion  w i l l  be demonstrated. 

Bitan Tadnor 

We introduce a new type  of spec t r a l ly -accura t e  d i s s i p a t i o n ,  which c o n t r o l s  

t h e  Cribbs-like o s c i l l a t i o n s  i n  non l inea r  hyper'bolic equat ions  wi th  shock 

waves. Using ideas  of compensated compactness, it is  shown t h a t  s p e c t r a l  

methods augmented with t h i s  type of d i s s i p a t i o n  y i e l d  h ighly-accura te  converg- 

i n g  so lu t ions .  Together wi th  D. G o t t l i e b ,  we show how t o  make s p e c t r a l  

recovery of s o l u t i o n s  t o  hyperbol ic  systems with nonsmooth da ta .  Away from 
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i t s  s i n g u l a r  suppor t ,  t h e  s o l u t i o n  i s  recovered weakly, u s ing  appropr i a t e  pre- 

and post-processing. I n  f a c t ,  pre-processing can be avoided i n  most cases, 

d e s p i t e  t h e  presence of low-order coupling terms which u s u a l l y  lead  t o  low- 

o r d e r  accu ra t e  'shadowed' regions.  We d i s c u s s  t h e  ques t ion  of en t ropy  

s t a b i l i t y  f o r  conse rva t ive  approximations t o  systems o f  conserva t ion  laws. 

Using t h e  two i n g r e d i e n t s  of entropy v a r i a b l e s  and entropy conserva t ive  

schemes, w e  are a b l e  t o  g ive  p r e c i s e  i d e n t i f i c a t i o n  of such schemes i n  terms 

of t h e i r  numerical  v i s c o s i t y .  A s  a r e s u l t  of t h i s ,  w e  d e r i v e  and r e d e r i v e  a 

hos t  of examples f o r  numerical  v i s c o s i t y  c o e f f i c i e n t s  which guarantee  en t ropy  

s t a b i l i t y  as w e l l  as main ta in  second-order accuracy f o r  systems of t h e  above 

type. 
We d e r i v e  a new non-osc i l la tory  c e n t r a l  d i f f e r e n c e  code f o r  systems of 

conserva t ion  l a w s .  The new method does not r e q u i r e  t h e  use of an approximate 

Riemann s o l v e r  and hence can be e a s i l y  implemented on a r b i t r a r y  systems. 

Numerical experiments agree  with t h e  pred ic ted  second-order r e so lu t ion .  

Hillel Tal-Ezer 

Frequent ly ,  dur ing  t h e  process  of so lv ing  a mathematical  model numeri- 

c a l l y ,  w e  end up wi th  a need t o  opera te  on a v e c t o r  v by an ope ra to r  which 

can  be expressed as f(A) where A is an NxN mat r ix  (e.g., exp(A), s in(A) ,  

l/A). Except f o r  very simple mat r ices ,  it is imprac t i ca l  t o  cons t ruc t  t h e  

ma t r ix  f(A) e x p l i c i t l y ;  u sua l ly  an approximation is  used. I n  t h e  p re sen t  

r e sea rch ,  w e  develop an a lgor i thm which u s e s  a polynomial approximation t o  

f (A).  It is  reduced t o  a problem of approximating f ( z )  by a polynomial i n  

z where z belongs t o  t h e  domain D i n  the  complex plane which inc ludes  a l l  

t h e  e igenvalues  of A. This  problem of approximation i s  approached by i n t e r -  

p o l a t i n g  t h e  f u n c t i o n  f ( z )  i n  a c e r t a i n  set  of p o i n t s  which i s  known t o  have 

some e x t e r n a l  p r o p e r t i e s .  The approximation thus  achieved is "almost best." 

Implementing t h e  a lgor i thm f o r  some p r a c t i c a l  problems which r e s u l t  from 

P.D.E.'s is  under i n v e s t i g a t i o n .  

The i t e r a t i v e  s o l u t i o n  t o  a set  of l i n e a r  equat ions  Ax = b i s  a w e l l  

t r e a t e d  problem i n  t h e  numerical ana lys i s  l i t e r a t u r e .  While very e f f i c i e n t  
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algori thms have been developed f o r  t h e  case when A is a symmetric p o s i t i v e  

d e f i n i t e  matr ix ,  t h e  gene ra l  nonsymmetric case is s t i l l  a cha l lenging  prob- 

lem. Since a s o l u t i o n  t o  a l i n e a r  system is x = ( l /A)b,  implementing our  

a lgor i thm f o r  t h i s  problem is  being i n v e s t i g a t e d  a l so .  

Sherry1 Tomboulian 
Work is  cont inuing  on pa ra l l e l  graph embedding f o r  SIMD a r c h i t e c t u r e s .  

With G. Er lebacher  (High-speed Aerodynamics Div is ion ,  LaRC),  an e f f o r t  is 

underway t o  eva lua te  c e l l u l a r  automation f o r  f l u i d  flow problems, p a r t i c u l a r l y  

f o r  h igh  Reynolds numbers. Work has  a l s o  begun on developing g r a p h i c a l l y  

based methods f o r  programming t h e  Navier-Stokes Computer, a p a r a l l e l  a rch i -  

t e c t u r e  with reconf igurable  p ipe l ines .  

Eli Turkel 
Work continued on improving t h e  Runge-Kutta mul t ig r id  a lgo r i thm t o  s o l v e  

t h e  s t e a d y  s t a t e  Euler  and Navier-Stokes equat ions.  We are c u r r e n t l y  i n v e s t i -  

g a t i n g  the e f f e c t  of t h e  a r t i f i c i a l  v i s c o s i t y  on both t h e  accuracy and con- 

vergence rate of t h e  scheme. The h ighly  s t r e t c h e d  meshes a f f e c t  t h e  implemen- 

t a t i o n  of t he  a r t i f i c i a l  v i s c o s i t y  in an  a n i s o t r o p i c  manner. Near t h e  body, 

t h e  mesh is very f i n e  normal t o  t h e  a i r f o i l  and r e l a t i v e l y  coarse  t a n g e n t i a l  

t o  t h e  a i r f o i l .  I n  t h e  f a r f i e l d ,  the s i t u a t i o n  i s  reversed. Hence, the ar t i -  

f i c i a l  v i scos i ty  must depend on t h e  metrics of t h e  g i rd .  This  dependency is 

e s p e c i a l l y  important f o r  v i scous  flows when one wants t o  r e so lve  t h e  boundary 

l aye r .  An ICASE r e p o r t ,  coauthored wi th  R. Swanson, Jr. (Transonic  Aero- 

dynamics Divis ion,  LaRC), is p r e s e n t l y  being w r i t t e n .  The r e s u l t s  w i l l  be 

presented  a t  t h e  CFD conference in H a w a i i .  

The improvements in t roduced  in t h e  two-dimensional code are c u r r e n t l y  

being extended t o  t h r e e  space dimensions. In p a r t i c u l a r ,  three-dimensional 

v i scous  problems are s t a r t i n g  t o  be analyzed us ing  t h e  mul t ig r id  ve r s ion  Of 

t h e  code. This p r o j e c t  i s  being c a r r i e d  on j o i n t l y  w i t h  V. Vatsa (Transonic  



Aerodynamics Div is ion ,  LaRC). I n  addi t ion ,  both t h e  two- and three-dimen- 

s i o n a l  codes are being ex tens ive ly  documented. This d e s c r i p t i o n  w i l l  appear 

i n  a f u t u r e  ICASE r e p o r t .  

Bram van Leer 

Numerical f l u x  func t ions  f o r  i nv i sc id  compressible  flow can be d i s t i n -  

guished by t h e  number of c h a r a c t e r i s t i c  waves they can recognize.  De ta i l ed  

formulas ,  such as those  based on t h e  "approximate Riemann so lvers"  of Roe and 

of Osher recognize a l l  waves, which leads t o  a c r i s p  r e p r e s e n t a t i o n  of shocks 

and c o n t a c t / s l i p  d i s c o n t i n u i t i e s  i n  s teady so lu t ions .  A compromise is  

a t t a i n e d  i n  van Leer's f l u x - s p l i t  formula, which treats s t eady  shocks equa l ly  

as  w e l l  as Osher's, but  does not account f o r  t h e  l i n e a r  d i s c o n t i n u i t i e s .  

Least a c c u r a t e  are t h e  formulas t h a t  recognize only t h e  l a r g e s t  c h a r a c t e r i s t i c  

speed, such as those  advocated by Davis and by Yee. It appears  t h a t ,  f o r  use  

i n  a Navier-Stokes code, t h e  i n v i s c i d  f l u x e s  must be a b l e  t o  d i s c e r n  a l l  

c h a r a c t e r i s t i c  waves. Numerical experiments on c o n i c a l  f lows by J. Thomas 

(Low-Speed Aerodynamics Div is ion ,  LaRC) show t h a t  van Leer's f l u x  s p l i t t i n g  

r e q u i r e s  f o u r  times as many zones across a boundary layer as Roe's f lux-  

d i f f e r e n c e  s p l i t t i n g ,  t o  get t h e  proper temperature  a t  an a d i a b a t i c  w a l l .  

Other  formulas have been and are being t e s t e d ,  i nc lud ing  MacCormack's (wi th  a 

code from R. W. Newsome); some f indings w i l l  be presented  a t  t h e  A I M  8 t h  

Computational F l u i d  Dynamics Conference in June 1987. 



34 

REPORTS AND ABSTRACTS 

Dut t ,  P rav i r  and Shlomo Ta'asan: A b p l i n e - b a e d  pmumetelr a t i t n a t i o n  
t e c h n i q u e  604 aXutic mode& ad d a t i c  btrtucXulra. ICASE Report No. 86-64, 
October 8, 1986, 33 pages. Submitted t o  Math. Comp. 

We cons ider  t h e  problem of i d e n t i f y i n g  t h e  s p a t i a l l y  varying coef- 
f i c i e n t  of e l a s t i c i t y  us ing  an observed s o l u t i o n  t o  t h e  forward problem. 
Under appropr ia te  cond i t ions  t h i s  problem can be t r e a t e d  as a f i r s t  o rde r  
hyperbol ic  equat ion  i n  t h e  unknown c o e f f i c i e n t .  We develop some cont inuous 
dependence resul ts  f o r  t h i s  problem and propose a spl ine-based technique 
f o r  approximating t h e  unknown c o e f f i c i e n t ,  based on t h e s e  r e s u l t s .  We 
e s t a b l i s h  t h e  convergence of our  numerical  scheme and o b t a i n  e r r o r  esti- 
mates. 

Ta'asan, Shlomo and P r a v i r  Dutt:  Pulrametetr e b t i m c c t i o n  plroblem h o t  d i b t a i b u t e d  
bybtc& u n i n 5  u mLLeticjtid method.  
19 pages. Submitted t o  J. Comp. Physics .  

ICASE Report No. 86-65, October 8 ,  1986, 

We consider  t h e  problem of e s t ima t ing  s p a t i a l l y  vary ing  c o e f f i c i e n t s  of 
p a r t i a l  d i f f e r e n t i a l  equat ions  from observa t ion  of t h e  s o l u t i o n  and of t h e  
r i g h t  hand s i d e  of t h e  equat ion.  We assume t h a t  t h e  observa t ions  are 
d i s t r i b u t e d  i n  t h e  domain and t h a t  enough observa t ions  are given. A method 
of d i s c r e t i z a t i o n  and an e f f t c i e n t  mu l t ig r id  method f o r  s o l v i n g  t h e  r e s u l t -  
i n g  d i s c r e t e  s y s t e m s  are descr ibed.  Numerical r e s u l t s  are presented  f o r  
es t imat ion  of c o e f f i c i e n t s  i n  an e l l i p t i c  and a p a r a b o l i c  p a r t i a l  d i f f e r e n -  
t i a l  equation. 

Myers, Thomas J. and Maya B. Gokhale: P a t r U e l  bcheduRing 05 t r e c m i v e l y  
ded ined  m u y b .  ICASE Report No. 86-66, October 3,  1986, 26 pages.  
Submitted t o  J. of Sym. Comp. 

This paper  d e s c r i b e s  a new method of au tomat ic  g e n e r a t i o n  of concurrent  
programs which cons t ruc t  a r r a y s  def ined  by sets of r e c u r s i v e  equat ions.  We 
assume t h a t  t h e  t i m e  of computation of an  a r r a y  element is  a l i n e a r  combi- 
n a t i o n  of i t s  i n d i c e s ,  and w e  use  i n t e g e r  programming t o  seek a success ion  
of hyperplanes a long  which a r r a y  elements can be computed concurren t ly .  
The method can be used t o  schedule  equat ions  invo lv ing  v a r i a b l e  l eng th  
dependency vec to r s  and mutually r e c u r s i v e  a r r ays .  P o r t i o n s  of t h e  work 
reported he re  have been implemented i n  t h e  PS automat ic  program gene ra t ion  
system. 
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Gokhale, Maya B.: PS: A nonpkocedwmt langua5e urCth data  Xypa and 
m o M a .  ICASE Report No. 86-67, October 3, 1986, 20 pages. Submitted to 
J. of Sym. Comp. 

The Problem Specification (PSI nonprocedural language is a very high 
level language for algorithm specification. PS is suitable for nonprogram- 
mers, who can specify a problem using mathematically-oriented equations; 
for expert programmers, who can prototype different versions of a software 
system for evaluation; and for those who wish to use specifications for 
portions (if not all) of a program. PS has data types and modules similar 
to Modula-2. 

In this paper, we first show PS by example and then discuss 
efficiency issues in scheduling and code generation. 

The compiler generates C code. 

Napolitano, M. and J. H. Morrison: Ehhi~Lent bo&Ltionb oh two-dimenbionaL i n -  _ _  - 
comptrabibLe bteady vLhcou6 @~wb. ICASE Report No. 86-68, October 16, 
1986, 46 pages. Submitted to Computers and Fluids. 

This paper provides a simple, efficient, and robust numerical technique 
for solving two-dimensional incompressible steady viscous flows at 
moderate-to-high Reynolds numbers. The proposed approach employs an incre- 
mental multigrid method and an extrapolation procedure based on minimum 
residual concepts to accelerate the convergence rate of a robust block- 
line-Gauss-Seidel solver for the vorticity-stream function Navier-Stokes 
equations. 

Results are presented for the driven cavity flow problem using uni- 
form and nonuniform grids and for the flow past a backward facing step in a 
channel. For this second problem, mesh refinement and Richardson extra- 
polation are used to obtain useful benchmark solutions in the full range of 
Reynolds numbers at which steady laminar flow is established. 

Harten, A,: On t h e  nonXineatLCty 0 6  madem bhock-captu&hg bChemed. ICASE 
Report No. 86-69, October 17, 1986, 62 pages. Submitted to Proc. of "Wave 
Motion: Modeling, theory and computations," U.C. Berkeley, June 1986; 
Springer-Verlag . 

In this paper, we review the development of shock-capturing methods, 
paying special attention to the increasing nonlinearity in the design of 
numerical schemes. We study the nature of this nonlinearity and examine 
its relation to upwind differencing. This nonlinearity of the modern 
shock-capturing methods is essential, in the sense that linear analysis is 
not justified and may lead to wrong conclusions. Examples to demonstrate 
this point are given. 
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Banks, H. T. and I. G. Rosen: Computation& method6 dot the  idenxidieation 06 
a p a t i a U y  vmying b t iddnebb  and damping i n  b e a m  ICASE Report No. 86-70, 
October 2 2 ,  1986, 42 pages. Submitted t o  Control:  Theory and Advanced 
Technology. 

A numerical approximation scheme f o r  t h e  e s t i m a t i o n  of f u n c t i o n a l  
parameters i n  Euler-Bernoulli  models f o r  t h e  t r a n s v e r s e  v i b r a t i o n  of f l e x -  
i b l e  beams with t i p  bodies i s  developed. The method permits  t h e  i d e n t i f i -  
c a t i o n  of s p a t i a l l y  varying f l e x u r a l  s t i f f n e s s  and Voigt-Kelvin v i scoe la s -  
t i c  damping c o e f f i c i e n t s  which appear i n  t h e  hybrid system of o rd ina ry  and 
p a r t i a l  d i f f e r e n t i a l  equa t ions  and boundary cond i t ions  d e s c r i b i n g  t h e  
dynamics of such s t r u c t u r e s .  An i n v e r s e  problem is  formulated as a least  
squares f i t  t o  d a t a  s u b j e c t  t o  c o n s t r a i n t s  i n  t h e  form of a v e c t o r  system 
of a b s t r a c t  f i r s t  o r d e r  e v o l u t i o n  equat ions.  Spline-based f i n i t e  element 
approximations are used t o  f i n i t e  dimensional ize  t h e  problem. T h e o r e t i c a l  
convergence r e s u l t s  are given and numerical  s t u d i e s  c a r r i e d  ou t  on both 
conventional ( s e r i a l )  and vec to r  computers are discussed.  

Banks, H. T., S. S. Gates, I. G. Rosen, and Y. Wang: The ident idicat ion 06 a 
ICASE Report No. 86- dC6t&ibuted pmametet model dot a d lex ib le  b t t u c t m e .  

- 71, October 2 2 ,  1986, 43 pages. Submitted t o  SIAM J. Control  and Opt. 

We develop a computational method f o r  t h e  e s t i m a t i o n  of parameters i n  a 
d i s t r i b u t e d  model f o r  a f l e x i b l e  s t r u c t u r e .  The s t r u c t u r e  w e  cons ide r  
( p a r t  of t h e  "RPL experiment") c o n s i s t s  of a c a n t i l e v e r e d  beam wi th  a 
t h r u s t e r  and l i n e a r  accelerometer  a t  t h e  f r e e  end. The t h r u s t e r  is f e d  by 
a pressurized hose whose h o r i z o n t a l  motion e f f e c t s  t h e  t r a n s v e r s e  v i b r a t i o n  
of t h e  beam. We u s e  t h e  Euler-Bernoul l i  t heo ry  t o  model t h e  v i b r a t i o n  of 
t h e  beam and treat t h e  hose - th rus t e r  assembly as a lumped o r  p o i n t  mass- 
dashpot-spring system a t  t h e  t i p .  Using measurements of l i n e a r  accelera- 
t i o n  a t  t h e  t i p ,  we  estimate t h e  hose parameters (mass, s t i f f n e s s ,  damping) 
and a Voigt-Kelvin v i s c o e l a s t i c  s t r u c t u r a l  damping parameter f o r  t h e  beam 
u s i n g  a l e a s t  squares  f i t  t o  t h e  data .  

We cons ide r  s p l i n e  based approximations t o  t h e  hybrid (coupled 
ordinary and p a r t i a l  d i f f e r e n t i a l  equa t ions )  sys t em;  t h e o r e t i c a l  con- 
vergence r e s u l t s  and numerical  s t u d i e s  wi th  both s imula t ion  and a c t u a l  
experimental d a t a  obtained from t h e  s t r u c t u r e  are p resen ted  and discussed.  

Gibson, J. S .  and I. G. Rosen: Computational method6 h o t  o p t h n d  t i n e m -  
quadrrdic compematou dah i n d i n a e  dcrnemionaX dhclrete-time d ybtem C. 

ICASE Report No. 86-72, October 22, 1986, 25 pages. Submitted t o  Proc. of 
t h e  Conf. on t h e  Control  and I d e n t i f i c a t i o n  of D i s t r i b u t e d  Parameter 
Systems, Vorau, Austr ia .  
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An a b s t r a c t  approximation theory and computational methods are 
developed f o r  t h e  de t e rmina t ion  of opitmal l i n e a r - q u a d r a t i c  feedback con- 
t r o l s ,  observers  and compensators f o r  i n f i n i t e  dimensional d i sc re t e - t ime  
systems. P a r t i c u l a r  a t t e n t i o n  i s  paid t o  systems whose open-loop dynamics 
are descr ibed by semigroups of operators  on H i l b e r t  spaces.  The approach 
taken is based upon t h e  f i n i t e  dimensional approximation of t h e  i n f i n i t e  
dimensional o p e r a t o r  Riccati equat ions which c h a r a c t e r i z e  t h e  opt imal  feed- 
back c o n t r o l  and observer  gains .  Theore t i ca l  convergence r e s u l t s  are 
p resen ted  and discussed.  Numerical r e s u l t s  f o r  a n  example invo lv ing  a h e a t  
equa t ion  with boundary c o n t r o l  are presented and used t o  demonstrate t h e  
f e a s i b i l i t y  of ou r  methods. 

Bennet t ,  J. and P. H a l l :  On t h e  b e c o n d a y  i n ? l t a b U t y  06 Taylo&-GdaLte& 
vo&tica t o  T o U m i e n - S c k e c c h t i n g  wave6 i n  &.Uy-deve.toped &tow . ICASE 
Report No. 86-73, November 17, 1986, 46 pages. Submitted t o  J o u r n a l  of 
F lu id  Mechanics. 

There are many flows of p r a c t i c a l  importance where both Tollmien- 
S c h l i c h t i n g  waves and Taylor-GZrt ler  v o r t i c e s  are p o s s i b l e  causes  of t r a n s -  
i t i o n  t o  turbulence.  I n  t h i s  paper, t h e  e f f e c t  of f u l l y  non l inea r  Taylor- 
G6rtler v o r t i c e s  on t h e  growth of small amplitude Tollmien-Schlichting 
waves is  inves t iga t ed .  The b a s i c  s t a t e  considered is t h e  f u l l y  developed 
flow between c o n c e n t r i c  c y l i n d e r s  d r iven  by an  azimuthal p r e s s u r e  
g rad ien t .  It is  hoped t h a t  an  i n v e s t i g a t i o n  of t h i s  problem w i l l  shed 
l i g h t  on t h e  more complicated e x t e r n a l  boundary l a y e r  problem where a g a i n  
both modes of i n s t a b i l i t y  e x i s t  i n  t h e  presence of concave curvature .  The 
type of Tollmien-Schlichting waves considered have t h e  asymptot ic  s t r u c t u r e  
of lower branch modes of plane Po i s seu l l e  flow. Whilst  i n s t a b i l i t i e s  a t  
lower Reynolds number are p o s s i b l e ,  t h e  l a t te r  nodes are s imple r  t o  ana lyze  
and more r e l evan t  t o  t h e  boundary layer problem. The e f f e c t  of f u l l y  non- 
l i n e a r  Tay lo r -GSr t l e r  v o r t i c e s  on both two-dimensional and th ree -  
dimensional waves i s  determined. It is  shown t h a t ,  w h i l s t  t h e  maximum 
growth as a f u n c t i o n  of frequency is not g r e a t l y  a f f e c t e d ,  t h e r e  is a l a r g e  
d e s t a b i l i z i n g  e f f e c t  over  a l a r g e  range of f requencies .  

Tadmor, E. : Convenient  t a t &  va/Lia t ion  d i m i n h h i n g  c o n d i t i o a  d o t  n o n i k n e a  
di6&2&ence Achemu. ICASE Report No. 86-74, November 18, 1986, 32 pages. 
Submitted t o  SIAM J. Numerical Analysis. 

Convenient c o n d i t i o n s  f o r  nonlinear d i f f e r e n c e  schemes t o  be t o t a l -  
v a r i a t i o n  diminishing (TVD) are derived. It is shown t h a t  such schemes 
s h a r e  t h e  TVD p r o p e r t y ,  provided t h e i r  numerical  f l u x e s  meet a c e r t a i n  
p o s i t i v i t y  c o n d i t i o n  a t  extrema values  but can be a r b i t r a r y  otherwise.  Our 
c o n d i t i o n s  are i n v a r i a n t  under d i f f e r e n t  incremental  r e p r e s e n t a t i o n s  of t h e  
non l inea r  schemes, and thus  provide a s i m p l i f i e d  g e n e r a l i z a t i o n  of t h e  TVD 
c o n d i t i o n s  due t o  Harten and o the r s .  
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Roe, P. L.: KemoXe bounduhy con&ionb 604 uMXeudy rn&&kmenbional mto- 
dynamic compuXu.tLoM. ICASE Report No. 86-75, November 18, 1986, 26 
pages. Submitted t o  J. Comput. Phys. 

We d i scuss  t h e  behavior  of gas  dynamic flows which are p e r t u r b a t i o n s  of 
a uniform stream i n  terms of in format ion  t r a n s f e r  ac ross  a r t i f i c i a l  (compu- 
t a t i o n a l )  boundaries remote from t h e  source  of d i s turbance .  A set of 
boundary condi t ions  i s  der ived  involv ing  v o r t i c i t y ,  en t ropy ,  and pressure-  
v e l o c i t y  r e l a t i o n s h i p s  der ived  from b i c h a r a c t e r i s t i c  equat ions.  

Banks, 
h i g  
31 

H. T. and K. I t o :  A numetic& algotLCthm 604 opaXmal Qeedbuch g ~ h b  i n  
h dimennional L q R  pkab lemb .  ICASE Report No. 86-76, November 18, 1986, 
pages. Submitted t o  SIAM J. Control  and Optimization. 

We propose a hybr id  method f o r  computing t h e  feedback ga ins  i n  l i n e a r  
quadra t i c  r e g u l a t o r  problems. The method, which combines use  of a 
Chandrasekhar type  system with an i t e r a t i o n  of t h e  Newton-Kleinman form 
wi th  v a r i a b l e  a c c e l e r a t i o n  parameter Smith schemes, i s  formulated s o  as t o  
e f f i c i e n t l y  compute d i r e c t l y  t h e  feedback ga ins  r a t h e r  t han  s o l u t i o n s  of an 
assoc ia ted  Riccati equat ion.  The hybrid method is p a r t i c u l a r l y  a p p r o p r i a t e  
when used wi th  large dimensional sys t ems  such as those  a r i s i n g  i n  approxi- 
mating i n f i n i t e  dimensional ( d i s t r i b u t e d  parameter)  c o n t r o l  s y s t e m s  (e.g., 
t hose  governed by d e l a y - d i f f e r e n t i a l  and p a r t i a l  d i f f e r e n t i a l  equat ions) .  
Computational advantage of our  proposed a lgo r i thm over  t h e  s t anda rd  eigen- 
vec to r  ( P o t t e r ,  Laub-Schur) based techniques are d iscussed  and numerical  
evidence of t h e  e f f i c a c y  of our i deas  presented.  

dikf&?hentiat equa&om-. ICASE Repoit  -No. 86-77, November 18, 1986, 63 
pages. Submitted t o  t h e  Proceedings of t h e  F i n i t e  Element Workshop a t  
Hampton, V i rg in i a ,  Springer-Verlag. 

The f i n i t e  element methods (FEM) have proved t o  be a powerful method 
f o r  t h e  s o l u t i o n  of boundary va lue  problems a s s o c i a t e d  t o  p a r t i a l  d i f f e r e n -  
t i a l  of e i t h e r  e l l i p t i c ,  pa rabo l i c ,  o r  hype rbo l i c  type. They have a l s o  a 
good p o t e n t i a l  of u t i l i z a t i o n  on p a r a l l e l  computers i n  r e l a t i o n  i n  pa r t i cu -  
l a r  with t h e  concept of domain decomposition. 

This r epor t  is in tended  as an i n t r o d u c t i o n  t o  t h e  FEM f o r  t h e  non- 
s p e c i a l i s t .  It con ta ins  a survey p a r t  which is  t o t a l l y  nonexhaustive,  and 
i t  a l so  conta ins  as an  i l l u s t r a t i o n ,  a r e p o r t  on some new r e s u l t s  concern- 
i n g  two s p e c i f i c  a p p l i c a t i o n s ,  namely a f r e e  boundary f l u i d - s t r u c t u r e  
i n t e r a c t i o n  problem, and t h e  Eu le r  equa t ions  f o r  i n v i s c i d  flows. 



Nicola ides ,  R. A. and Shenaz Choudhury: 'ItetraXive methodb dot d-&ptic d i n i t e  
e l e m e n t  equaXionb on g e n e t &  medhed. ICASE Report No. 86-78, November 25, 
1986. Submitted t o  t h e  Proceedings of t h e  F i n i t e  Element Workshop a t  - 

Hampton, V i r g i n i a ,  Springer-Verlag. 

This  p a p e r  surveys  i t e r a t i v e  methods f o r  a r b i t r a r y  mesh d i s c r e t i z a t i o n s  
of e l l i p t i c  p a r t i a l  d i f f e r e n t i a l  equations.  The methods d iscussed  are pre- 
condi t ioned  conjugate  g rad ien t s ,  a lgeb ra i c  mul t ig r id ,  d e f l a t e d  conjugate  
g r a d i e n t s ,  an  element-by-element technique, and domain decomposition. 
Computational r e s u l t s  are included. 

Ma, C. C. H.: InhetrenX a t a b i l i t y  lrobwtnedd 06 a d a p t i v e  c o n t m l  h g h t e n a .  
ICASE Report No. 86-79, November 14, 1986, 39 pages. 

Global  s t a b i l i t y  robustness  aga ins t  unmodeled dynamics, a r b i t r a r y  
bounded i n t e r n a l  n o i s e  as w e l l  as ex te rna l  d i s tu rbance  i s  shown t o  e x i s t  
f o r  a class of d i scre te - t ime adapt ive  c o n t r o l  systems when t h e  r eg res so r  
vec to r  is p e r s i s t e n t l y  exc i t i ng .  Although f a s t  adap ta t ion  i s  d e f i n i t e l y  
undes i r ab le ,  slow adap ta t ion  is  shown t o  be not n e c e s s a r i l y  b e n e f i c i a l  f o r  
such g l o b a l  s t a b i l i t y  robustness .  The e n t i r e  a n a l y s i s  i s  good f o r  systems 
w i t h  p l a n t s  which need not  be slowly varying. 

Rren ie r ,  Yann and Stan ley  Osher: The dinctrete one-h ided  L i p h c h i t z  c o n d i t i o n  
d o t  convex  dcaLm conaetvation lw. ICASE Report No. 86-80, November 25, 
1986, 33 pages. Submitted t o  SIAM J.  Numertcal Analysis .  

Phys ica l  s o l u t i o n s  t o  convex s c a l a r  conserva t ion  l a w s  s a t i s f y  a one- 
s ided  L ipsch i t z  cond i t ion  (OSLC) t h a t  enforces  both t h e  entropy cond i t ion  
and t h e i r  v a r i a t i o n  boundedness. Consistency wi th  t h i s  cond i t ion  is there-  
f o r e  d e s i r a b l e  f o r  a numerical scheme and was proved f o r  both t h e  Godunov 
and t h e  Lax-Friedrichs scheme--also, i n  a weakened ve r s ion ,  f o r  t he  Roe 
scheme, a l l  of them being only f i r s t  order  accura te .  A new, f u l l y  second 
o r d e r  scheme i s  in t roduced  here ,  which is  c o n s i s t e n t  wi th  t h e  OSLC. The 
modified equat ion  is  considered and shows i n t e r e s t i n g  f ea tu res .  Another 
second o r d e r  scheme i s  then  considered and numerical  r e s u l t s  are discussed.  

Adams, Loyce, Randy LeVeque, and David Young: An&yh.in 05 the SOR i t e h a t i o n  
604 the  9 - p i n t  L a p l a c i a n .  ICASE Report No. 86-81, December 8, 1986, 40 
pages. Submitted t o  SIAM J. Numerical Analysis.  

The SOR i t e r a t i o n  f o r  so lv ing  l i n e a r  systems of equat ions  depends upon 
an  o v e r r e l a x a t i o n  f a c t o r  w. A theory f o r  determining w w a s  given by 
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Young [1950] f o r  c o n s i s t e n t l y  ordered matrices. Here w e  determine t h e  
opt imal  w f o r  t h e  9-point s t e n c i l  f o r  t h e  model problem of Laplace’s 
equat ion  on a square.  We cons ider  s e v e r a l  o rder ings  of t h e  equat ions ,  
including t h e  n a t u r a l  rowwise and mul t i co lo r  o rde r ings ,  a l l  of which l ead  
t o  non-consistently ordered matrices, and f i n d  two equivalence classes of 
order ings wi th  d i f f e r e n t  convergence behavior  and opt imal  a’s.  We 
compare our  r e s u l t s  f o r  t h e  n a t u r a l  rowwise o rde r ing  t o  those  of Garabedian 
[1956] and exp la in  why both r e s u l t s  are, i n  a sense ,  c o r r e c t ,  even though 
they d i f f e r .  We a l s o  ana lyze  a pseudo SOR method f o r  the model problem and 
show tha t  i t  is not  as e f f e c t i v e  as t h e  SOR methods. F i n a l l y ,  w e  compare 
t h e  point SOR methods t o  known r e s u l t s  f o r  l i n e  SOR methods € o r  t h i s  
problem. 

Kopriva, David A.: A p&acXLcd M b u b m e n X  06 b p e c X & d  accwracy 604 h y p e t b o k c  
p 4 o b l e m  UliZh d i n c o n X i n l u t L e a .  ICASE Report No. 86-82, December 9, 1986, 
22 pages. Submitted t o  J. Comp. Phys. 

Physical  and t ransform space f i l t e r i n g  has  been app l i ed  t o  t h e  F o u r i e r  
spectral  c o l l o c a t i o n  s o l u t i o n  of t h e  cons t an t  c o e f f i c i e n t  scalar wave equa- 
t i o n  with a d iscont inuous  i n i t i a l  condi t ion .  High o rde r  accuracy can be 
ex t r ac t ed  from t h e  u n f i l t e r e d  so lu t ion .  Smooth, high o rde r  Four i e r  space 
f i l t e r i n g  g ives  expected polynomial o rde r  s o l u t i o n s  away from t h e  d i s -  
cont inui ty .  S p e c t r a l  accuracy i s  observed wi th  t h e  phys ica l  space f i l t e r  
of Go t t l i eb  and Tadmor. 

H a l l ,  Ph i l ip :  The noniknewr deveeopment 06 Go4.teetr vo4XLcea i n  gtrowhg 
boundmy l a y e m .  ICASE Report No. 86-83, December 9, 1986, 52 pages. 
Submitted t o  J. F l u i d  Mech. 

The development of G o r t l e r  v o r t i c e s  i n  boundary l a y e r s  over  curved 
walls i n  the  non l inea r  regime i s  inves t iga t ed .  The growth of t h e  boundary 
l a y e r  makes a para l le l  flow a n a l y s i s  impossible  except  i n  t h e  h igh  wave- 
number regime so i n  gene ra l  t h e  i n s t a b i l i t y  equat ions  must be i n t e g r a t e d  
numerically. Here t h e  spanwise dependence of t h e  b a s i c  flow is descr ibed  
us ing  Fourier  series expansion w h i l s t  t h e  normal and streamwise v a r i a t i o n s  
are taken i n t o  account u s i n g  f i n i t e  d i f f e r e n c e s .  The c a l c u l a t i o n s  sugges t  
t h a t  a given d i s tu rbance  imposed a t  some p o s i t i o n  a long  t h e  w a l l  w i l l  
eventua l ly  reach  a l o c a l  equi l ibr ium s t a t e  e s s e n t i a l l y  independent of t h e  
i n i t i a l  conditions.  In f a c t ,  the equ i l ib r ium s ta te  reached is  q u a l i t a t i v e -  
l y  s imi l a r  t o  t h e  large amplitude h igh  wave-number s o l u t i o n  desc r ibed  
asymptot ical ly  by H a l l  (1982b). I n  gene ra l ,  i t  i s  found t h a t  t h e  non l inea r  
i n t e r a c t i o n s  are dominated by a rmean f i e ld ’  t ype  of i n t e r a c t i o n  between 
t h e  mean flow and t h e  fundamental. Thus, even though h ighe r  harmonics of 
t h e  fundamental a r e  n e c e s s a r i l y  generated,  most of the d i s tu rbance  energy 
i s  confined t o  t h e  mean flow c o r r e c t i o n  and t h e  fundamental. A major 
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r e s u l t  of our c a l c u l a t i o n s  is t h e  f ind ing  t h a t  t h e  downstream v e l o c i t y  
f i e l d  develops a s t r o n g l y  i n f l e c t i o n a l  c h a r a c t e r  as t h e  flow moves down- 
stream. The la t te r  r e s u l t  sugges ts  t h a t  t h e  major e f f e c t  of G o r t l e r  
v o r t i c e s  on boundary l a y e r s  of p r a c t i c a l  importance might be t o  make them 
h igh ly  r e c e p t i v e  t o  r a p i d l y  growing Rayleigh modes of i n s t a b i l i t y .  

Kamowitz, David: MuRXig&Ld applied $0 singutah p e m l n b a t i a n  ptrabLem. ICASE 
Report  No. 87-1, January 7, 1987. Submitted t o  Applied Mathematics and 
Computation. 

The s o l u t i o n  of t h e  s i n g u l a r  pe r tu rba t ion  problem 

wi th  
-Eu" + b(x)u' = f ,  O < x < l  

1>> g 0, u(0)  = uo, u(1)  = u1 

by a mul t ig r id  a lgo r i thm is  considered. T h e o r e t i c a l  and experimental  
r e s u l t s  f o r  a number of d i f f e r e n t  d i s c r e t i z a t i o n s  are presented.  The 
t h e o r e t i c a l  and observed rates agree  wi th  t h e  r e s u l t s  developed i n  an 
ear l ie r  work of Kamowitz and Pa r t e r .  

I n  add i t ion ,  t h e  rate of convergence of t h e  a lgor i thm when t h e  
coa r se  g r i d  ope ra to r  i s  t h e  n a t u r a l  f i n i t e  d i f f e r e n c e  analogue of t h e  f i n e  
g r i d  ope ra to r  is presented.  This  i s  i co t r a s t  t o  t h e  case i n  t h e  

w a s  used € o r  t h e  coa r se  
g r i d  opera tors .  
p rev ious  work where t h e  Galerkin choice (Ih % E  hIH) 

Jackson,  T. L . ,  A. K. Kapila ,  and D. S .  S t e w a r t :  EvoluXian 06  a Locatized 
therrmd e x p l o s i o n  in a treacXive gas. ICASE Report No. 87-2, J a n u a r y . 8 ,  
1987, 62 pages. Submitted t o  SIAM J. of Applied Math. 

Experimental  obse rva t ions  of i g n i t i o n  i n  premixed gaseous r e a c t a n t s  
i n d i c a t e  t h a t  p e r f e c t l y  homogeneous i n i t i a t i o n  is  p r a c t i c a l l y  un rea l i z -  
ab le .  In s t ead ,  combustion f i r s t  sets in ,  as a r u l e ,  a t  small, d i s c r e t e  
si tes where inhe ren t  inhomogeneities cause chemical a c t i v i t y  t o  proceed 
p r e f e r e n t i a l l y  and l ead  t o  l o c a l i z e d  explosions.  Combustion waves propa- 
g a t i n g  away from t h e s e  "hot spots"  o r  " r eac t ion  centers"  even tua l ly  
envelope t h e  remaining bulk. 

Th i s  s tudy examines t h e  s p a t i a l  s t r u c t u r e  and temporal evo lu t ion  of 
a ho t  spo t  f o r  a model involv ing  Arrhenius k i n e t i c s .  The h o t  spo t ,  
c h a r a c t e r i z e d  by peaks i n  pressure  and temperature  wi th  l i t t l e  diminut ion 
i n  l o c a l  dens i ty ,  is shown t o  have one of two p o s s i b l e  s e l f - s i m i l a r  s t r u c -  
t u r e s .  The a n a l y s i s  employs a combination of asymptot ics  and numerics and 
t e rmina te s  when p r e s s u r e  and temperature i n  t h e  explos ion  have peaked. 
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S p a l l ,  R. E., 
htreahdown . 
Physics of 

T. B. Gatsk i ,  and C. E. Grosch: On a ctr.i.te&ion do& votrtex 
ICASE Report No. 87-3, January 8, 1987, 23 pages. Submitted t o  

F lu ids .  

A c r i t e r i o n  f o r  t h e  onse t  of vo r t ex  breakdown i s  proposed. Based upon 
previous experimental ,  computat ional ,  and t h e o r e t i c a l  s t u d i e s ,  an  
appropr i a t e ly  def ined  l o c a l  Rossby number i s  used t o  d e l i n e a t e  t h e  reg ion  
where breakdown occurs .  I n  a d d i t i o n ,  new numerical r e s u l t s  are presented  
which f u r t h e r  v a l i d a t e  t h i s  c r i t e r i o n .  A number of previous t h e o r e t i c a l  
s tud ie s  concen t r a t ing  on i n v i s c i d  standing-wave ana lyses  f o r  t r a i l i n g  wing- 
t i p  vo r t i ce s  a r e  reviewed and r e i n t e r p r e t e d  i n  terms of t h e  Rossby number 
c r i t e r i o n .  Cons is ten t  with previous s t u d i e s ,  t h e  phys ica l  b a s i s  f o r  t h e  
onse t  of breakdwon i s  i d e n t i f i e d  as t h e  a b i l i t y  of t h e  flow t o  s u s t a i n  such 
waves. Previous computational r e s u l t s  are reviewed and re-evaluated i n  
terms of t h e  proposed breakdown c r i t e r i o n .  A s  a r e s u l t ,  t h e  cause of 
breakdown occurr ing  near  t h e  inf low computat ional  boundary, common t o  
seve ra l  numerical s t u d i e s ,  is i d e n t i f i e d .  F i n a l l y ,  previous experimental  
s tud ie s  of vortex-breakdown f o r  both l ead ing  edge and t r a i l i n g  wing-tip 
v o r t i c e s  a r e  reviewed and q u a n t i f i e d  i n  terms of t h e  Rossby number 
c r i t e r i o n .  

Lohner, Rainald, Ken Morgan, Jaime Peraire, and Mehdi Vahdati: Finite &emenX 
@.w-coturected .trrmporct ( F E M - F C T )  d o t  .the Eutetr and Navietr-Stohen equa- 
t i o m .  ICASE Report  No. 87-4, January 15, 1987, 25 pages. Submitted t o  
In t e rna t .  J. Numer. Methods Fluids .  

A high r e s o l u t i o n  f i n i t e  element method f o r  t h e  s o l u t i o n  of problems 
involving high speed compressible flows i s  presented.  The method uses  t h e  
concepts of f lux-cor rec ted  t r a n s p o r t  and is presented  i n  a form which is  
s u i t a b l e  f o r  implementation on completely uns t ruc tu red  t r i a n g u l a r  or 
t e t r a h e d r a l  meshes. T rans i en t  and s t eady  s ta te  examples are solved t o  
i l l u s t r a t e  t h e  performance of t h e  algori thm. 

Naik, Vijay and Shlomo Ta'asan: Petrdotrmunce d$u&U 06 the mut t ig&id  &go- 
&i.thm impLemen.ted on hypetrcube mul t iprrocaaotr  d ydtem . ICASE Report No. 
87-5, January 16, 1987, 21 pages. Submitted t o  Proc. of t h e  2nd Hypercube 
Mult iprocessor  Conference. 

I n  t h i s  paper ,  w e  ana lyze  and compare t h e  performance on a hypercube 
mult iprocessor  of some of t h e  major m u l t i g r i d  techniques used i n  prac- 
tice. The model problem considered here i s  t h a t  of so lv ing  t h e  2-D 
incompressible Navier-Stokes equat ions  r ep resen t ing  t h e  flow between two 
p a r a l l e l  p l a t e s .  R e s u l t s  obtained by implementing t h e  d i f € e r e n t  mu l t ig r id  
schemes on an iPSC are presented.  E f f e c t s  on t h e  o v e r a l l  performance of 
var ious parameters of t h e  a lgor i thms,  of t h e  p a r t i t i o n i n g  s t r a t e g i e s  
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employed, and of some of t h e  c h a r a c t e r i s t i c s  of t h e  under ly ing  a r c h i t e c t u r e  
are discussed.  

Roe, P. L.: € m o t  aZLrnaZu hot ceU-vetctex bolhtiovlcl 05 .the compte6aible  
EuXek equa,tionb. ICASE Report No. 87-6, January 2 2 ,  1987, 42 pages. 
Submitted t o  AIAA J. 

The ce l l -ve r t ex  schemes due t o  N i  and Jameson, e t  al. have been sub- 
j e c t e d  t o  a t h e o r e t i c a l  a n a l y s i s  of t h e i r  t r u n c a t i o n  e r r o r .  The a n a l y s i s  
confirms t h e  authors’ claims f o r  second-order accuracy on smooth g r i d s ,  but 
shows t h a t  t h e  same accuracy cannot be obtained on a r b i t r a r y  g r i d s .  It i s  
shown t h a t  t h e  schemes have a unique g e n e r a l i z a t i o n  t o  axisymmetric flow 
t h a t  preserves  t h e  second-order accuracy. 

Reneke, J. A. and R. E. Fennel l :  K K H  bpace apprroxirnc&iovlcl h o t  Xthe heedback 
ope&tot i n  a f inem heted i tmy bybtemi 
1987, 2 3  pages. Submitted t o  I n t e r n a t .  J. Control.  

ICASE Report No. 8j-8,  FebGuary 3, 

Computational implementation of feedback c o n t r o l  laws f o r  l i n e a r  
h e r e d i t a r y  systems r e q u i r e s  t h e  approximation of i n f i n i t e  dimensional  feed- 
back ope ra to r s  wi th  f i n i t e  dimensional opera tors .  The dense subspaces of 
K-polygonal func t ions  in reproducing k e r n e l  H i l b e r t  spaces, RKH spaces ,  
sugges t  f i n i t e  dimensional approximations of t h e  ma t r ix  r e p r e s e n t a t i o n s  of 
t h e  c o n t r o l  opera tors .  A convergence theorem is developed f o r  t h e  approxi- 
mations,  and the  numerical  implementation of t h e  approximations i s  d is -  
cussed. 

Hussa in i ,  M. Y.: S a b d X t y ,  XtanbLtion, and XwLbutence. ICASE Report No. 87- 
- 9, February 27, 1987, 20 pages. Submitted t o  Proceedings of t h e  NASA 
Conference on Supercomputing in Aerospace. 

A glimpse i s  provided of t he  research program in s t a b i l i t y ,  t r a n s i t i o n  
and turbulence  based on numerical s imulat ions.  This program inc ludes  both 
t h e  so-ca l led  abrupt  and t h e  r e s t r a ined  t r a n s i t i o n  processes .  A t t e n t i o n  is  
confined t o  t h e  pro to type  problems of channel f low and t h e  p a r a l l e l  
boundary l a y e r  in t h e  former category and t h e  Taylor-Couette flow in t h e  
l a t t e r  category. It covers  both incompressible  flows and supe r son ic  
flows. Some r e p r e s e n t a t i v e  r e s u l t s  a re  presented.  
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Ba .nks, H. T., R. K. Powers, and I. G. Rosen: I n w e m e  p t r o b l e m  -cn the  m o d e l i n g  
0 6  vibtationh 06 dtexibte b e m .  ICASE Report No. 87-10, February 27, 
1987, 23 pages. Submitted t o  Proceedings of t h e  Conference on Cont ro l  
Theory f o r  D i s t r i b u t e d  Parameter Systems and Appl ica t ions ,  Vorau, A u s t r i a ,  
J u l y  7-11, 1986. 

The formula t ion  and s o l u t i o n  of i nve r se  problems f o r  t h e  e s t i m a t i o n  of 
parameters which d e s c r i b e  damping and o t h e r  dynamic p r o p e r t i e s  i n  d i s t r i b -  
u t e d  models f o r  t h e  v i b r a t i o n  of f l e x i b l e  s t r u c t u r e s  is considered. Moti- 
va ted  by a s lewing beam experiment,  t h e  i d e n t i f i c a t i o n  of a non l inea r  
ve loc i ty  dependent term which models a i r  drag  damping i n  t h e  Euler- 
Bernoul l i  equa t ion  i s  inves t iga t ed .  Galerk in  techniques are used t o  
genera te  f i n i t e  dimensional approximations. Convergence estimates and 
numerical r e s u l t s  are given. The modeling o f ,  and r e l a t e d  i n v e r s e  problems 
f o r  the dynamics of a high p res su re  hose l i n e  feeding  a gas  t h r u s t e r  
ac tua to r  a t  t he  t i p  of a can t i l eve red  beam, are then considered. Approx- 
i m a t i o n  and convergence are d iscussed  and numerical r e s u l t s  i nvo lv ing  
experimental  da t a  are presented.  

P r o p s t ,  Georg: Piecewibe L i n e m  apptroximat ion dotr herreditmy c a n t t r o t  ptrob- 
l e m .  ICASE Report No. 87-11, February 27, 1987, 74 pages. Submitted t o  
SIAM J. Control  O p t i m .  

This paper p r e s e n t s  f i n i t e  dimensional  approximations f o r  l i n e a r  
re tarded f u n c t i o n a l  d i f f e r e n t i a l  equat ions  by use of d i scont inuous  piece- 
wise l i n e a r  func t ions .  The approximation scheme i s  app l i ed  t o  opt imal  
con t ro l  problems when a q u a d r a t i c  c o s t  i n t e g r a l  has t o  be minimized s u b j e c t  
t o  the con t ro l l ed  r e t a rded  system. It i s  shown t h a t  t h e  approximate 
optimal feedback ope ra to r s  converge t o  t h e  t r u e  ones both i n  case t h e  c o s t  
i n t e g r a l  ranges over  a f i n i t e  t i m e  i n t e r v a l  as w e l l  as i n  t h e  case it 
ranges over an i n f i n i t e  t i m e  i n t e r v a l .  The arguments i n  t h e  l a t t e r  case 
r e l y  on t h e  f a c t  t h a t  t h e  piecewise l i n e a r  approximations t o  s t a b l e  systems 
are s t a b l e  i n  a uniform sense.  This  f e a t u r e  is e s t a b l i s h e d  us ing  a vector-  
component s t a b i l i t y  c r i t e r i o n  i n  t h e  s ta te  space @ x L2 and t h e  
favorable  e igenvalue behavior  of t h e  piecewise l i n e a r  approximations.  

Keel ing,  Stephen L. : On LipbchiXz c o n t i n & t y  06 no&nem di66etrentia.l  
opetr&oltf,. ICASE Report  No. 87-12, March 17, 1987, 1 2  pages. Submitted to 
SIAM J. Numer. Anal. 

I n  connect ion wi th  approximations f o r  non l inea r  evo lu t ion  equat ions ,  i t  
i s  standard t o  assume t h a t  non l inea r  terms are a t  least l o c a l l y  L i p s c h i t z  

continuo s from t h e  subspace W i n t o  W-’,’, and maps W ’ 
i n t o  W ’ 03 ,  i f  and only i f  f i s  a f f f n e  wi th  W1,* 
f a c t ,  a l o c a l  v e r s i o n  of t h i s  claim is proved. 

continuous. However, i t  is shown f =  f ( x V  ( x ) )  is Lipsc5ikz  

c o e f f i c i e n t s .  I n  Y 
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Keeling,  Stephen L. : 
partabafic equaxion6 
Submitted t o  SIAM J 

G d e k k i n l  Uunge-Ku-ttu di6 cket i zd ion6 6ok b emUnem 
ICASE Report No. 87-13, March 17, 1987, 31 pages. 

Numer. Anal. 

A new class of f u l l y  d i s c r e t e  Galerkin/Runge-Kutta methods is con- 
s t r u c t e d  and analyzed f o r  s emi l inea r  parabol ic  i n i t i a l  boundary va lue  prob- 
l e m s .  Unl ike any c l a s s i c a l  counter  pa r t ,  t h i s  class o f f e r s  a r b i t r a r i l y  
h igh ,  opt imal  o rde r  convergence. In support  of t h i s  claim, e r r o r  estimates 
are proved, and computational r e s u l t s  a r e  presented. Furthermore,  it is 
noted t h a t  special  Runge-Kutta methods a l low computations t o  be performed 
i n  p a r a l l e l  so t h a t  t h e  f i n a l  execution time can be reduced t o  t h a t  of a 
low o rde r  method. 

Tomboulian, Sher ry l :  A byatem h o t  muting mbi-tkmy ditrected g k u p h  on SZMLJ 
mchitectwreb ICASE Report No. 87-14, March 18, 1987, 24 pages. 
Submitted t o  N E E  Trans. Comput. 

There are many problems which can be descr ibed  i n  terms of d i r e c t e d  
graphs t h a t  con ta in  a l a r g e  number of v e r t i c e s  where s imple computations 
occur  us ing  d a t a  from connect ing ve r t i ce s .  A method i s  given f o r  para l -  
l e l i z i n g  such problems on an SIMD machine model t h a t  is b i t - s e r i a l  and uses  
only  n e a r e s t  neighbor connect ions f o r  communication. Each ve r t ex  of t h e  
graph w i l l  be ass igned t o  a processor  i n  t h e  machine. Algorithms are g iven  
t h a t  w i l l  be used t o  implement movement of d a t a  a long t h e  arcs of t h e  
graph. This  a r c h i t e c t u r e  and algorithms d e f i n e  a system t h a t  is r e l a t i v e l y  
s imple  t o  bu i ld  and can do graph processing. A l l  arcs can be t r ansve r sed  
i n  p a r a l l e l  in t i m e  O(T), where T is empi r i ca l ly  p ropor t iona l  t o  t h e  
d iameter  of t h e  in t e rconnec t ion  network times t h e  average degree of t h e  
graph. Modifying o r  adding a new arc  t akes  t h e  same t i m e  as p a r a l l e l  
t r a v e r s a l .  

Brezz i ,  F.: A bwrvey 06 mixed 6 i n i t e  element method. ICASE Report No. 87- 
15, March 18, 1987, 32 pages. Submitted t o  Proc. Workshop on F i n i t e  
Element Methods, Theory, and Applicat ion,  Springer-Verlag. 
- 

This  paper is an  i n t r o d u c t i o n  t o  and an  overview of mixed f i n i t e  ele- 
ment methods. It d i s c u s s e s  t h e  mixed formulat ion of c e r t a i n  b a s i c  problems 
i n  e l a s t i c i t y  and hydrodynamics. It a l so  d i scusses  s p e c i a l  techniques f o r  
s o l v i n g  t h e  d i s c r e t e  problem. 

H a l l ,  P h i l i p  and W i l l i a m  D. Lakin: The &f%j no&neart development 06 Gotr4Xkk 
vouice6 i n  gtouling boundmy l a y e m .  ICASE Report No. 87-16, March 19, 
1987, 35 pages. Submitted t o  Proc. Roy. SOC. Ser. (A) .  
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The f u l l y  non l inea r  development of small wavelength G o r t l e r  v o r t i c e s  i n  
a growing boundary l a y e r  is  i n v e s t i g a t e d  us ing  a combination of asymptot ic  
and numerical methods. The s t a r t i n g  p o i n t  f o r  t h e  a n a l y s i s  i s  t h e  weakly 
nonl inear  theory of H a l l  (1982b) who d iscussed  t h e  i n i t i a l  development of 
small amplitude v o r t i c e s  i n  a neighborhood of t h e  l o c a t i o n  where they f i r s t  
become l i n e a r l y  uns tab le .  That development is unusual i n  t h e  contex t  of 
nonl inear  s t a b i l i t y  theory i n  t h a t  i t  is  not  descr ibed  by t h e  Stuart-Watson 
approach. I n  f a c t  t h e  development i s  governed by a p a i r  of coupled non- 
l i n e a r  p a r t i a l  d i f f e r e n t i a l  evo lu t ion  equat ions  f o r  t h e  vo r t ex  flow and t h e  
mean flow co r rec t ion .  Here t h e  f u r t h e r  development of t h i s  i n t e r a c t i o n  i s  
considered f o r  v o r t i c e s  so  l a r g e  t h a t  t h e  mean flow c o r r e c t i o n  d r iven  by 
them i s  as l a r g e  as t h e  b a s i c  s t a t e .  S u r p r i s i n g l y  i t  is found t h a t  such a 
nonl inear  i n t e r a c t i o n  can s t i l l  be descr ibed  by asymptot ic  means. It i s  
shown t h a t  t h e  v o r t i c e s  spread out  ac ross  t h e  boundary layer  and e f f e c t i v e -  
l y  d r ive  t h e  boundary l aye r .  I n  f a c t  t h e  system obtained by w r i t i n g  down 
t h e  equations f o r  t h e  fundamental vo r t ex  gene ra t e  a d i f f e r e n t i a l  equat ion  
f o r  t h e  bas i c  state.  Thus t h e  mean flow a d j u s t s  s o  as t o  make these  l a r g e  
amplitude v o r t i c e s  l o c a l l y  neu t r a l .  Moreover i n  t h e  reg ion  where t h e  vor- 
t ices  e x i s t ,  t h e  mean flow has a 'square-root' p r o f i l e  and t h e  vo r t ex  
v e l o c i t y  f i e l d  can be w r i t t e n  down i n  c losed  form. The upper and lower 
boundaries of t h e  reg ion  of vo r t ex  a c t i v i t y  are determined by a f r e e -  
boundary problem involv ing  t h e  boundary layer  equat ions.  I n  gene ra l  i t  is  
found t h a t  t h i s  r eg ion  u l t i m a t e l y  inc ludes  almost a l l  of t h e  o r i g i n a l  
boundary l a y e r  and much of t h e  free-stream. I n  t h i s  s i t u a t i o n  t h e  mean 
flow has e s s e n t i a l l y  no r e l a t i o n s h i p  t o  t h e  flow which e x i s t s  i n  t h e  
absence of t h e  v o r t i c e s .  

Jackson, T. L. and M. Y. Hussaini:  An asympXoXic an&ybiA 06 bupeuonic 
hteacting mixing e a y e u .  ICASE Report No. 87-17, March 19, 1987, 16 
pages. Submitted t o  Combustion Science and Technology. 

The purpose of t h i s  paper i s  t o  p re sen t  an asymptot ic  a n a l y s i s  of t h e  
laminar  mixing of t h e  simultaneous chemical r e a c t i o n  between paral le l  
supersonic  streams of two r e a c t i n g  spec ie s .  The s tudy  is  based on a one- 
s t e p  i r r e v e r s i b l e  Arrhenius r e a c t i o n  and on l a r g e  a c t i v a t i o n  energy 
asymptotics. E s s e n t i a l l y  i t  extends t h e  work of Linan and Crespo t o  
inc lude  t h e  e f f e c t  of f r e e  shea r  and Mach number on t h e  i g n i t i o n  regime, 
t h e  d e f l a g r a t i o n  regime, and t h e  d i f f u s i o n  flame regime. It i s  found t h a t  
t h e  e f f e c t i v e  parameter  is  t h e  product  of t h e  c h a r a c t e r i s t i c  Mach number 
and a shear  parameter. 

Scheurer ,  B.: Remmh on t h e  btabiLiAy a n & y b i ~  0 5  mact i ve  6k!ow6. ICASE 
Report No. 87-18, March 20, 1987, 21 pages. Submitted t o  Proc. Conference 
on Mathematical Modeling i n  Combustion, Lyon, France,  A p r i l  27-30, 1987. 
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We study a simp'le model of compressible reacting flow. First, we 
derive a dispersion relation for the linearized problem, making a distinc- 
tion between frozen and equilibrium sound speed. Second, we study the 
stability of the Von Neumann-Richtmyer scheme applied to this model. One 
finds a natural generalization of the C.F.L. condition. 

Hariharan, S. I. and P. K. Dutt: A c o u b t k  gkavi ty  w a v a :  A computa.tionc& 
appkoach. ICASE Report No. 87-19, March 24, 1987, 26 pages. Submitted to 
Applied Numerical Mathematics. 

This paper discusses numerical solutions of a hyperbolic initial 
boundary value problem that arises from acoustic wave propagation in the 
atmosphere. Field equations are derived from the atmospheric fluid flow 
governed by the Euler equations. The resulting original problem is non- 
linear. A first order linearized version of the problem is used for compu- 
tational purposes. The main difficulty in the problem as with any open 
boundary problem is in obtaining stable boundary conditions. Approximate 
boundary conditions are derived and shown to be stable. Numerical results 
are presented to verify the effectiveness of these boundary conditions. 

Erlebacher, G., M. Y. Hussaini, C. G. Speziale, and T. Zang: Towutd t h e  
Lmge-eddy airnulation 0 6  compkedaible t m b u l e n t  BLOW. ICASE Report No. 
87-20, March 30, 1987, 38 pages. Submitted to J. Fluid Mechanics. 

New subgrid-scale models for the large-eddy simulation of compressible 
turbulent flows are developed based on the Favre-filtered equations of mo- 
tion for an ideal gas. A compressible generalization of the linear combi- 
nation of the Smagorinsky model and scale-similarity model (in terms of 
Favre-filtered fields) is obtained for the subgrid-scale stress tensor. An 
analogous thermal linear combination model is also developed for the 
subgrid-scale heat flux vector. The three dimensionless constants 
associated with these subgrid-scale models are obtained by correlating with 
the results of direct numerical simulations of compressible isotropic 
turbulence performed on a 963 grid using Fourier collocation methods. 
Extensive comparisons between the direct and modeled subgrid-scale fields 
are provided in order to validate the models. Future applications of these 
compressible subgrid-scale models to the large-eddy simulation of super- 
sonic aerodynamic flows are discussed briefly. 
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ICASE COLLOQUIA 

October 24 

November 3 

November 4 

November 10 

November 17 
18 

November 20 

December 8 

January 20 

February 5 

February 11 

February 12 

February 19 

Dr. David Uiddleton, University of North Carolina - Chapel 
Hill: Ptrogtrum Ueptresentatian i n  the F F P  Machine 

Professor Alan Wolf, The Cooper Union School of 
Engineering: Diagnobticcl do& Chaob 

Dr. Edward A. Spiegel, Columbia University: Zntetrnittency 
and LacuncvLity i n  TwrbuRence 

Dr.  Cyrus K. Aidun, Cornel1 University: Sttuctutre and Ornet 
ad Q Cieecctotry Rayleigh-Benmd Convection i n  Potroub Media 

Professor Dave Levemore, Brown University: The Lattice Gaf, 
CeUlLean  Automccta Apphoach t o  Computational Hyhodynamiccl 

Professor Paul Saylor, University of Illinois at Urbana: A 
Taxonomy dotr Conjugate Gtradient Method6 

&. a r c 0  U. Uostrel, University of California, Los 
Angeles: Some NumelLicat Schema d o t  Ttramonic Flow Ptroblem 

Professor Thomald Eerbert, Virginia Polytechnic Institute 
and State University: Thtree Dimemionat 7mtabi.ti.ty ad 
Boundmy Layem 

Professor Dieter Forster, Temple University: Uandody 
S t imed FLGLich and the RenotrrnaUzaZion Gtroup 

Professor Seymour Parter, University of Wisconsin: On 
Ptreconditioning 

Mr. Iuigi Martinelli, Princeton University: Ccdcdcction 06 
Vihcous Flow with M u t t i g l t i d  

Professor Hillel Tal-Ezer, Tel-Aviv University: A New 
ltetrative Method dotr the  Solution 06 Ax = b Whetre A ih a 
Genetrat Nan-SymmetlLic M a t t i x  
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February 23 

March 4 

March 9 

March 16 
77 

March 25 

March 26 
27 

March 30 

Professor Walid Abu-Sufah, V i r g i n i a  Poly technic  I n s t i t u t e  
and S t a t e  Univers i ty :  Wokkeoad C h m a c t e l c i z a t i o n  d o t  Vectoa 
MuRfiptoceaa o u  

Professor Matania Ben-Artri, Technion Un ive r s i ty ,  I s r a e l :  A 
trig kKea o U t i o n  Numelticd Scheme d o t  Keactive Flows 

Professor Bertil Gustafsson, Stanford  Univers i ty :  Fm F i e l d  
Boundmy Cond i t ion6  do& Hqpe'tbofic Sybtem 

Professor E. Jerome Keisler, Unive r s i ty  of Wisconsin: An 
'InthOdu&iOn t o  N o m t a n d m d  A n a l g a d  

Professor Alan George, Unive r s i ty  of Tennessee: Spahbe 
ChoLeaky Facto&zaZion on a Local-Memoty M u R t i p t o c a a o t  

Professor Terry Pratt, Univers i ty  of Virgin ia :  The PISCES 2 
Pm&& Ptogtcvmning Envikonment 

Mr.  Nathaniel Whitaker, Unive r s i ty  of C a l i f  o r n i a ,  
Berkeley: A N u m e ~ c d  SoLuXion 06 t h e  Hde-ShUW EQuUZionb 
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OTHER ACTIVITIES 

A Workshop on Dynamic Workload Balancing w a s  he ld  October 20-21, 1986, a t  
ICASE, NASA Langley Research Center ,  Hampton, Vi rg in ia .  The purpose of t h i s  
workshop was t o  b r ing  people from vary ing  backgrounds t o g e t h e r  t o  d i s c u s s  
d i f f e r e n t  man i fe s t a t ions  of t h e  load ba lanc ing  problem. Seventeen r e s e a r c h e r s  
were inv i t ed  t o  speak. The fo l lowing  speakers  and t h e i r  a f f i l i a t i o n s  are 
l i s t e d  below: 

G. Adams, RIACS 

B. Goldberg, Yale Univers i ty  

A. Greenbaum, N e w  York Un ive r s i ty  

B. Gross,  Yale Un ive r s i ty  

D. J e f f e r s o n ,  Univers i ty  of C a l i f o r n i a ,  Los Angeles 

H. Jordan,  Un ive r s i ty  of Colorado 

D. Keyes, Yale Un ive r s i ty  

E. Lazowska, Un ive r s i ty  of Washington 

W. Leland, Bell  Communications Research 

D. Nicol ,  ICASE 

J. S a l t z ,  Yale Un ive r s i ty  

H,  Schwetman, Mic roe lec t ron ic s  Computer Technology Corporat ion 

K. Sevcik,  Un ive r s i ty  of Toronto 

R. Smith, Duke Un ive r s i ty  

J. Stankovic,  Un ive r s i ty  of Massachuset ts  

D. Towsley, Un ive r s i ty  of Massachuset ts  

J. Zahorjan,  Un ive r s i ty  of Washington 
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A Workshop on P a r a l l e l  Languages and Environments was he ld  November 12- 
1986, a t  t h e  Williamsburg H o s p i t a l i t y  House, Williamsburg, V i rg in i a .  The 

'pose of t h i s  workshop w a s  t o  see where progress  had been made and where 
gaps s t i l l  e x i s t  f o r  programming environments f o r  p a r a l l e l  computing. S ix t een  
r e sea rche r s  were i n v i t e d  t o  speak. Thei r  t op ic s  are l i s t e d  below: 

F. Allen,  IBM T. J. Watson Research Center:  "The P a r a l l e l  T r a n s l a t e r  
Pro j ect 

H. D ie t z ,  Purdue Univers i ty :  "The Refined Language Approach t o  
Programming P a r a l l e l  Machines" 

D. Gannon, Indiana  Univers i ty :  "Program Res t ruc tu r ing  f o r  Large 
Sca le  Mult iprocessors"  

D. Ge le rn te r ,  Yale Univers i ty :  "Por tab le  Pa ra l l e l  Programming 
Environments: Linda ( r e a l ) ,  Symmetric L i s p  ( p o t e n t i a l )  

M. Heath, Oak Ridge Nat ional  Laboratory: "Parallel  Matrix 
Computations: Algorithms Performance and P o r t a b i l i t y "  

W. J a lby ,  I N R I A ,  France: "Parallel Numerical Algorithm Development 
f o r  t h e  CEDAR System" 

P. Mehrotra, Purdue Univers i ty :  "Transforming BLAZE Programs f o r  
Mul t iprocessor  Execution" 

A. Norton, IBM T. J. Watson Research Center:  "Parallel  Programming 
Models f o r  RP-3" 

D. Padua, Un ive r s i ty  of I l l i n o i s :  "Recent Advances i n  Software 
Res t ruc tu r ing  f o r  P a r a l l e l  Processing" 

G. P f i s t e r ,  I B M  T. J. Watson Research Center: "RP3: The Research 
P a r a l l e l  Process ing  Prototype" 

T. P r a t t ,  Un ive r s i ty  of Vi rg in ia :  "The PISCES 2 Paral le l  Programming 
Enviroments" 

S .  Skedzielewski ,  Lawrence Livermore Nat iona l  Laboratory: "The SISAL 
Language and Its Implementations" 

R. Smith, Supercomputing Research Center:  "Shared Memory, Vectors ,  
Mes s age-Pas s i n g  and S c a l a b i  1 i t  y " 

L. Snyder, Un ive r s i ty  of Washington: "Type Archi tec tures"  

D. Sorensen, Argonne Nat ional  Laboratory: "SCHEDULE: An Aid t o  
Wri t ing  E x p l i c i t l y  P a r a l l e l  Programs i n  Fortran" 

G. W. S tewar t ,  Univers i ty  of Maryland: "Domino and Message-Passing" 
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A Workshop on S t a b i l i t y  Theory was he ld  November 2 1 ,  1986, a t  ICASE, NASA 
Langley Research Center ,  Hampton, V i rg in i a .  The purpose of t h i s  workshop was 
t o  d i scuss  s t a b i l i t y  theo ry  f o r  growing boundary l a y e r s .  Six r e s e a r c h e r s  were 
i n v i t e d  to  speak; they are l i s t e d  below along with t h e i r  a f f i l i a t i o n s :  

P. H a l l ,  Exeter U n i v e r s i t y  

T. Herbert ,  V i r g i n i a  Po ly techn ic  I n s t i t u t e  and S t a t e  Un ive r s i ty  

A. Nayfeh, V i r g i n i a  Po ly techn ic  I n s t i t u t e  and S t a t e  Un ive r s i ty  

H. Reed, Arizona S t a t e  Un ive r s i ty  

W. S a r i c ,  Arizona S t a t e  Un ive r s i ty  

F. Smith, U n i v e r s i t y  Col lege London 



A Workshop on S t a b i l i t y  and Trans i t i on  of High Mach Number Shear Layers  
hos t ed  by ICASE/NASA w a s  he ld  March 20, 1987, a t  ICASE, NASA Langley Research 
Center ,  Hampton, V i rg in i a .  The purpose of t h e  workshop w a s  t o  summarize t h e  
s t a t e  of knowledge of high speed t r a n s i t i o n  and h i g h l i g h t  t h e  ou t s t and ing  
problems. E igh t  r e s e a r c h e r s  were i n v i t e d  t o  speak; they are l i s t e d  below 
a long  w i t h  t h e i r  a f f i l i a t i o n s :  

S. Bogdonoff, P r ince ton  Universi ty  

D. Bushnell ,  NASA Langley Research Center  

T. Herbe r t ,  V i r g i n i a  Polytechnic  I n s t i t u t e  and S t a t e  Un ive r s i ty  

L. Mack, Jet Propuls ion Laboratory 

M. Morkovin, I l l i n o i s  I n s t i t u t e  of Technology 

H. Reed, Arizona S ta te  Un ive r s i ty  

E. Reshotko, Case Western University 

W. S a r i c ,  Arizona S t a t e  Un ive r s i ty  
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ICASE STAFF 

I. ADMINISTRATIVE 

Robert G. Voigt,  D i r e c t o r  
Ph.D., Mathematics, U n i v e r s i t y  of Maryland, 1969 
Numerical Algorithms f o r  P a r a l l e l  Computers 

Linda T. Johnson, O f f i c e  and F i n a n c i a l  Adminis t ra tor  

E t ta  M. Blair, Personnel/Bookkeeping S e c r e t a r y  

Barbara A. Cardasis ,  Adminis t ra t ive Sec re t a ry  

Sidney A. Chappell ,  Technical  Publications/Summer Housing S e c r e t a r y  
(Through October 1986) 

Carla J. Hult ,  O f f i c e  A s s i s t a n t  
(Through February 1987) 

Barbara R. Stewart ,  Technical  P u b l i c a t i o n s  Sec re t a ry  

Emily N. Todd, Executive S e c t e t a r y / V i s i t o r  Coordinator  

11. SCIENCE COUNCIL for APPLIED HATHEMATICS and COMPUTER SCIENCE 

Bruce Arden, Chairman and Arthur Doty P r o f e s s o r ,  Department of Electr ical  
Engineering and Computer Science,  P r ince ton  Universi ty .  

Andrew J. C a l l e g a r i ,  D i r e c t o r ,  T h e o r e t i c a l  & Mathematical Sciences Laboratory,  
Exxon Research & Engineering Company. 

Peter Denning, D i rec to r ,  RIACS, NASA/Ames Research Center.  

Michael J. Flynn, P ro fes so r ,  Department of Electrical  Engineering, Computer 
Systems Laboratory,  Stanford Universi ty .  

Bernard Galler, P ro fes so r ,  Department of Computer and Communication Sciences 
and Associate D i r e c t o r  of t h e  Computer Center ,  Un ive r s i ty  of Michigan. 

Anthony C. Hearn, Department Head, Department of Information Sciences,  Rand 
Corporation. (Through December 1986) 

Herbe r t  Keller, P ro fes so r ,  Physics ,  Math, and Astronomy, C a l i f o r n i a  I n s t i t u t e  
of Technology. 

Seymour V. Parter,  P r o f e s s o r ,  Department of Mathematics, U n i v e r s i t y  of 
Wisconsin. (Through December 1986) 
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Werner C. Rheinboldt, Andrew W. Mellon Professor, Department of Mathematics 
and Statistics, University of Pittsburgh. (Through December 1986) 

Robert G. Voigt, Director, Institute for Computer Applications in Science and 
Engineering, NASA Langley Research Center. 

111. ASSOCIATE MEMBERS 

Saul S .  Abarbanel, Professor, Department of Applied Mathematics, Tel-Aviv 
University, Israel. 

H. Thomas Banks, Professor, Division of Applied Mathematics, Brown University. 

David Gottlieb, Professor, Division of Applied Mathematics, Brown University. 

Peter D. Lax, Professor, Courant Institute of Mathematical Sciences, New York 
University . 
Merrell L. Patrick, Professor, Department of Computer Science, Duke 
University . 
William R. Sears, Professor, Department of Aerospace and Mechanical Engineer- 
ing, University of Arizona. 

IV. CHIEF SCIENTIST 

M. Yousuff Hussaini - PH.D., Mechanical Engineering, University of California, 
1970. Computational Fluid Dynamics. (Beginning April 1978) 

V. SENIOR STAFF SCIENTIST 

Milton E. Rose - Ph.D., Mathematics, New York University, 1953- Numerical 
Methods. (January 1986 to December 1986) 

b 

V I .  SCIENTIFIC STAFF 

Thomas W. Crockett - B.S., Mathematics, College of William and Mary, 1977. 
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Assistant Professor, Department of Mathematics, Florida State University. 
Spectral Methods for Problems in Fluid Dynamics. 
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